153072

f
COASTAL 701e |
Vﬁ, INFORMATION Cepypy
United Nations Source Documents on
SEABED MINING
@@3@@@&,E@%E |
(EORRATION CENTER
7
X
g”f?ﬂ-
TN us Press, Inc., 1056 National Press Buildihg, Washington, D.C. 20045
291.5
.U48
1974




NAUTILUS PRESS, INC.

Publishers of:

OCEAN SCIENCE NEWS (weekly)
COASTAL ZONE MANAGEMENT (weekly)
(Academic rate: 30% discount)

Combined annual rate

(Student and bulk rates available upon request)

1056 Natl., Press Bldg.
Washington, D, C. 20045
(202) 347-6643

$188/yr.

$135/yr,

$279/yr,

o g . e YIS



Naat' \us Press

1934

TN291.5 uas

6534392

C3A4LY
13202

U.S. DEPARTMENT OF COMMERCE NOAA

COASTAL ZONE TOASTAL SERVICES CENTER
INFORMATION CENTER 2234 SOUTH HOESON AVENUE

CHARLESTON, SC 29405-2413

United Nations Source Documents on

Property of CSC Library
SEABED MINING

Compiled by the Editors
of

QOcean Science News

MAY 58l

Nautilus Press, Inc.
1056 Natl. Press Bldg.
(202) 347-6643

PROPERTY NT
o GTATES GOVERNME
UNITED c AND

i 2 AN

ATIONAL cCe G BN
ATK\?C{JSPHERKG AGMmSTRAT\

Tﬁf@ie:fﬂon

needed, please

no longer . s
W?\?rnn {o: Tec'nmcak Processe
re :

Branch - D823




Editor's Note

T E L . L i

ﬁ‘ﬁe documents contained in this volume are in all cases reproductions of the origi-
nals -- as delivered in Caracas, the summer of 1974; made available in New York
City by the U. N.; or gathered in various places by the reporters and editors of
Ocean Science News.

No attempt has been made to edit the documents, merely to shorten them where the
repetition is obvious,
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Background Release P-ess Release SEA/18
N N | ) 28 May 197k

THIRD UNITED NATIONS CONFERENCE ON IAW OF SEA
IO MEET AT CARACAS, 27 JUNE-29 AUGUST

Goal 18 t0 Adqpt Comprehensive Convention and Set Up Machinery
o To Regulate International Sea-~Bed Area

Nearly 150 nations have been invited to ga*her in June at Caracas in an
effort to write a new set of binding international ruies governing human
activivies in the two thirds of the eay¥liiz area covered by oceans.

The Third United Nations Conference on the Law of the Sea, meeting in the
Venezuelan capital for 10 weeks from 20 June to 29 August, has been convened
by the United Nations General Assembly "to adopt a convention dealinz with all
matters relating to the law of the sea',

- As part of this task, the Conference will seek to create a body of rules
and an international machinery governing the area ‘and resources of the vast
reaches of ocean bottom that lie beyond the jurisdiction of any State. The
aim will be to write laws acceptable to all nations for the once impenetrable
ocean depths that have been called the last frontier of men on earth -- a vast
storehouse of minerals and energy that humenity is quickly learning how to
exploit.

The subjects for the Conference were set out by the General Assembly
in 1970, in resolution 2750 C (XXV). ‘They are, in the words of the resolution:

-~ The establishment of an equitable international regime -- including
an international machinery -- for the area and the resources of the sea-bed and
the ocean floor, and the subsoil thereof, beyond the limits of national
jurisdiction;
-- A precise definition of the area;
~- A broad range of related issues including those concerning:
-- The regimes of the high seas, the continental shelf, the

territorial sea (including the question of 1ts breadth and the
question of international straits) and contiguous zone;
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-~ Fishing and conservetion of the 1iving resources of the high
seas (including the question of the preferential rights of
coastal Stategﬁ; .

-~ The preservation of the marine environment (including the
prevention of pollution);

-- Sclentific reéeafgﬁ; S e ma

In deciding last November that the mandate of the Conference should be to
adopt a convention dealing with all matters relating to the law -of the sea,
the Assembly asked the Confergnce to bear in mind "that the problems of ocean
space are closely interrelated and need to be considered as a whole”,

Five years of preparatory work have gone into this Conference, beginning
with studies on an international regime for the.séa-bed and later expanding into
all of the other highly complex and interrelated aspects of sed law. Hundreds
of draft treaty articles, submitted by dozens of States, have been sifted by a
preparatory body set up by the General Assembly_in_l968f—- the Committee on the
Peaceful Uses of the Sea-Bed and the Ocean Floor beyond the Limits of “National
Jurisdiction, ' o . . o Lo

One of the main documents before the Conference will be the six-volume,
1,060-page report of the Sem-Bed Committee on its 13 weeks of meetings at New
York and Geneva last year.  The report séts out the Comiiittee's attempts to
consolidate these proposals into draft articles -- mostly in several alternative
. versions for each article -~ an which the Conferénce cen base its work, '

 The Conference held an orgenizétional session at United Nations Headquarters
from 3 to 15 December, at which it elected its officers, decided on its:
committee structure and began discussing its draft rules of procedure. H. Shirley
Ameresinghe (Sri Lanka), who was Chairman of the Sea-Bed Committee from 1969
until it was dissolved. last December, was unanimously electéd President of the
Conference. . o

Most of the substantive work of the Coriference is to be carried on in three
main committees of the entire membership. According to present plans which
await formal approval by the Conference, Committee T will deal with the
international regime and machinery for the sea-bed, Committee IIwith other
asvects of the law of the sea, and Committee IIY with preservation of the marine
environment and scientific research. ’ o ' '

(The officers of the Conference snd its committees are listed st the end
of this release.) . _

Foreseeing that still more work might be needed after the Caracas session,
the Assembly declded last November, "if necessary, to convere not later then
1975 any subsequent session or sessions_as mey be decided upon by the Conference
and approved by the General Assembly" /resolution 3067 (XXVIIL)/. The
Government of Vienna, as noted in the Assembly resolution, has offered Vienna
as the site for the Conference in 1975..

(more ) 00004
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Earlier Conferences on Sea Law

The first United Nations Conference on the law of the Sea met at Geneva
in 1958, with 86 States participating, and produced fus international
conventions. They cover the territorial sea and contiguous zone, the high
seas, fishing and conservation of the living resources of the high seas, and
the continental shelf. There is also an QOptional Protocol of Signature
concerning the Compulsory Settlement of Disputes,

The Convention on the Territorial Sea and Contiguous Zonc provides that
the sovereignty of a State extends over its territorial sea, It includes
rules for determining the baseline from which the territorial sea is measured,
but does not specify the width of this zone. It also deals with the
jurisdiction of the coastal State over the zone contiguous to the territorial
sea, (L6 States are parties; in force since 196k, )

The Convention on the High Seas provides for freedom of the high seas and
deals with specific problems, including the nationality of ships, piracy,
pollution and submarine cables. (54 parties; in force since 1962.)

The Convention on Fishing and Conservation of the Iiving Resources of
the High feas contains a general obligation to adopt conservation m.asures
when necessary, supplemented by other specific obligations. (35 parties;
in force since 1966.)

The Convention on the Continental Shelf gives coastal States exclusive
rights to exploitation of the minerel and other non-living resources of the
continental shelf, but specifies that those rights shell not affect the high
seas lying above the shelf. (53 parties; in force since 196k, )

The Optional Protocol of Signature concerning the Compulsory Settlement
of Disputes provides for resort to arbitration, conciliation or the
International Court of Justice to settle disputes over the interpretation of
any of the Conventions on the Law of the Sea. (34 parties; in force since 1962. )

A second Conference was called by the General Assembly in Geneva in 1960
to seek to resolve disagreements over the breadth of the territorial sea and
fishery limits., However, the 82 States represented were unable to adopt any
substantive proposal on tlese matters.

Sea-Bed Committees Established

It was not until 1967 that legal questions involving the sea were agein
the subject of an Assembly resolution. At that time the Assembly created the
first Committee on the sea-bed, a 35-member ad hoc body which was replaced the
following year by the Committee that later became the preparatory body for the
Law of the Sea Conference, Originally consisting of 42 members, the second
Committee was twice enlarged until it became a 9l-member body in 1971.

(more )
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One of the initial tasks of the Committee when it was set up under Assembly
resolution 2467 A (XXIII) of 1968 was to elsborate legal vprinciples and norms
for international co-operation in the exploration and use of the sea-bed and
ocean floor. The Committee devoted most of its first two years to this effort,
leading up-to thé adoption by the -‘Assémbly in 1970 of the Declaration of:
Principles Governing the Séa-Bed 4hd the Ocean Floor, and the Subsoil Thereof,
beyond the Fimits of National’ Jurisdiction (reeolution 27&9 (XXV))

. The Declaration, the first internatlonelly agreed set of principles covering
this vadt area of ocean space, begins With the ‘principle thet the internaticnal
area of the sea-bed and its resources "are ‘the common heritage of mankind" and
shall not Be subject to appropriation by any means by States or pexsons’..

(For further details of the Declaration, see the section'on the sea-bed below.)

The Committee's discussions on.the Decleration of Prineiples brought out
clearly that the issues of the law of the sea are closely intertwined -- that
it is impossible to consider one part of ocean space without reference to the
other parts. Accordingly, at the same time that it adopted. the Declaration the
Assembly decided that it would convene the Third United Nations Conference on
the Iew of the Sea.

Beginning in 1971, ‘therefore, the Committee's work was broadened to cover
all aspects of the law of the sea, focusing on preparations for the Conference.
It conducted much of its work in three sub~-committees of the whole, with the
following mandates°

_ Sub-Committee I -~ to prepare draft treaty'articles‘embodying the
international regime, including an internetional machinery, for the area and
resources of the sea-bed beyond the limits of natlonal Jurlsdiction.

: Sdb-Cbmmlt?ee II -- to prepare a comprehensive l1st of subjects and issues
relating to the law of the sea and to prepere draft tréaty articles thereono

Sub~-Committee IIL -~ to deal with the preservation of the marine environ-
ment (including the prevention of pollutlon) and scientific research, and to
prepare draft treaty articles thereon.

(This sub-committee structure provided the model followed by the Conference
in aividing its work among three main committees. )

The pattern of work followed by each sub-committee was roughly the same:
a general debate on the main issues, folléwed by the creation of working groups
vwhich attempted to prepare draft treaty articles on the basis of proposals and
“working papers submitted by delegations. Politlelans, lawyers, economists,
. technicians and scilentiets held no fewer then 469 formal meetings and countless
' informal ones between 1970 and :1973, inelwding 10h meetings of the Commithes,
.20k meetings of the sub-vommittees end 161 meetings of working Eroups .

(more )
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Iist of Subjecte and Issues

Before the treaty drafting work could begin in earnest, however, the
Committee had first to agree on a list of subjects and issues relating to
the law of the sea -- a kind of skeleton on which to hang the flesh of treaty
articles. This assignment, given to the Committee by the Assembly in 1970,
took two years to accomplish -- another reflection of bhe complexity and
interrelatedness of the issues involved. The result was & list of 25 main
headings and a number of subheadings, drafted by Sub-Committee II and approved
by the Committee in 1972 (document A/8721, peges 5-8). The Assembly decided
last year -that this 1list should be taken into account by the Conference when
it goes about its task of adopting e convention. '

The 25 main -headings follow, with an indication of the issues which the
Committee singled out under each one:

1. International regime for the sea-bed and the ocean floor beyond
national jurisdiction: Six issues ere listed under this heading: nature and
characteristics; structure, functions and powers of the international machinery;
economic implications; equitable sharing of benefits bearing in mind the '
special interests and needs of the developing countries, whether coastal or
land-locked; definition and limits of the area; and its use exclusively for
peaceful purposes. .

2, Territorial sea; The list identifies four mein aspects for study
in regard to this area (the zone which 1s closest to the coast and subject
to the coastal State's sovereignty): nature and characteristics, including the
question of the unity or plurality of regimes in the territorial ses;
historic waters (those traditionally belonging to a perticular State); limits;
innocent passage in the territorlal sea; and freedom of navigation and over=-
flight resulting from the question of plurality of regimes in the territorial
8Se8.

The issue of limits is further subdivided into two parts: first,
question of the delimitation of the territorial sea and the various aspects
involved; and second, breadth of the territorlal sea, whether global or
regional criteria should be used, and the different issues raised by open
seas and oceans, semi-enclosed seas and enclosed seas.

3, Contiguous zone: This was defined in the 1958 Convention on the
Territorial Sea and the Contiguous Zone as an area beyond the territorial sea
but no more than 12 miles from the coast, The list of subjects and issues
gives three subheadings: nature and characteristics; limits; and rights of
coastal States with regard to national security, customs and fiscal control.

4L, Straits used for international navigation: To be dealt with under
this heading ere innocent passage &8 well as other related matters including
the question of the right of transit.

(more)
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5. Continental shelf: The 1958 Convention on the Continental Shelf says
this term is used as referring "(a) to the sea-bed and subsoil of the submarine
areas adjacent to the coast but outside the area of the territorial sea, to a
depth of 200 metres or, beyond that limit, to where the depth of the superjacent
waters admits of the exploration of the natural resources of the said areas:

(o) to the sea-bed and subsoil of similar submarine aress adjacent to the coasts
of islands". 4 - g R o

' The Iist of subjects and issues cites five aspects of this topic: nature
and scope of the sovereign rights of coastal States over the continental shelf,
and duties of States; applicable criteria for the outer limit of the continental
shelf; question of the delimitation between States and various aspects involved;
naturel resources of the continental shelf; and scientific research.

6. Exclusive economic zone beyond the territorisl sea: This concept, also
referred to as "patrimonial sea" by many letin Americen States, is not mentioned
in the 1958 law of the Sea Conventions. Nine aspects.are cited in the list of
subjects and ‘issues: nature and characteristics, including rights and jurisdictior
of coastal States in relation to resources, pollution control and scientific
research in the zone, as well as duties of States; resburces of the zone; freedom
of navigation and overflight; regional arrangements; applicable criteria for
limits; fisheries; sea-bed within national jurisdiction; prevention and control
of pollution and other hazards to the marine environment, including rights and
responsibilities of coastal States; and scientific research.

The fisheries aspect is further broken down into exclusive fishery zone,
preferential rights of coastal States, management and conservation, protection
of coastal States' fisheries in enclosed and semi-enclosed seas, and regime of
islands under foreign domination and control in relation to zones of exclusive
fishing jurisdiction. The subtopic of the sea-bed within national jurisdiction
is also subdivided -- into nature and characteristics, delineation between
adjacent and opposite States, sovereign rights over natural resources, and
applicable criteria for limits.

T. Coastal State.preferential rights or other non-exclusive Jurisdiction
over resources beyond the territorial sea: Seven aspects of this topic are
recognized in the 1ist of subjects and issues: nature, scope and characteristics;
sea-bed resources; fisheries; prevention and control of pollution and other
hazards to the marine environment; international co~operation in the study and
rational exploitation of marine resources; settlement of disputes; and other
rights and obligations., . ‘ ’ ’

8. High seas: The broad eree of the sea beyond nationel jurisdiction is
to be looked at from six aspects, according to the list of subjects and issues:
nature and characteristics; rights and duties of States; question of the freedom
of the high seas and thelr regulation; management and conservation of living
resources; slavery, pilracy and drugs; and hot pursuit.

(more )
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9. Iland-locked countries: The list singles out four aspects of this topic:
generel principles of the Zaw of the sea conerning the land-locked countries,
rights and interests of land-locked countries, parsicular interests and needs of
developing land-locked countries in the international regime for the sea-<bed,
and rights and interests of land-locked countries in regard to living resources of
the sea,

Rights and interests of land-locked countries include free access to and from
the sea through freedom of transit as well as meens and facilit’es for transport
and communications; equality of treatment in the ports of transit States; free
access to the international sea-bed area beyond national jurisdiction; and
varticipation in the international regime, including the machinery and the
equitable sharing in the benefits of the aresa. ’

10. Rights and interests of shelf-locked States apd States with narrow
shelves or short coastlines: Shelf-locked States ere those whose continental

shelves do not open out onto the high seas; exampleﬁ -are .countries bordering
certain large seas such as the Mediterrancan and Caribbean. .These and other
categories of "disadvantaged" States dealt with umder this topic would have their
rights and interests examined from four aspects, according to the list of subjects
and issuves: international regime, fisheries, specisl interests and nceds of
developing shelf-locked States and States with narrow shelves or shory coastlines,
and free access to and from the high seas.

1l. Rights and interests of States with broad shelves.

12, Preservation of the marine enviromment: Five subheadings are given:
sources of pollution and other hazards and measures to combat them, measures to
preserve the ecological balance of the marine environment, responsibllity and
liability for damage to the marine environment, rights and duties of coastal
States, and international co-operation.

13, Scientific research: Nature, characteristics and dbjectivésAof
scientific research of the oceans is the first of three subheadings. The others
are access to scientific information and international co—operation.

1k, Development and Transfer of technology: The subaect matter, as set out in
the 1list of subjects and i issues, concerns the development of technological
capabilities of developing countries through sharing of knowledge and technology
between developed and developing countries, training of personnel from developing
countries and transfer of technology to developing countries.

15, Regional errangements,

"16. Archipelagos.

17. Enclosed and semi-enclosed seas,

18. Artificial islands and installations.

(more) 00009
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19. Regime of islands: This covers islands under colonial dependence or
foreign dcmination or control as well ¢s other relrted matters.

20. Responsibility and liability for damage resultize from the use of the
marine enviromment.

21l. Settlement of disputes.

22. Peaceful uses of the ocean space; zones of peace and“se ur;;y,

23, Archaeqlggical andhlstorical treasures on the sea-hed and ocean floor
beyond the limits of national jurisdiction.

ok, Transm1381on from the hlgh seas,

25. Enhancing the universal4participatlon of qtates in multllateral
conventions relating}to the law of the sea,

Sea-Bed Reglme and Machlnenx

The foundation for the Sea~Bed Committee's work in seeking agreerent on a
body of rules and an organization for the internatiocnal sea-bed area was the
General Assembly's 1970 Declaration of Principles. In condensed ‘form, these
are as follows:

1. The area and its resources "are the common heritage of mankind",

2. "The area shall not be sdbjecfvfo ebpropriation by anywmeans by -
, States or persons, naturel or juridical, and no State shell cleim or =
+ ‘exercise sovereignty or sovereign rights over any part thereof.,’

3. No State or person shell claim exercise or acquire rights with
. respect to the area or its resources incompatible with the international .
" regime %o be established and the principleés of this Declaration. )

h All exploration and exp101tation activities shall be governed by
the international regime, . el

5. "The area shall be open to use exclusively for peaceful purposes
by all States, whether coastal or land-locked, without discriminatien, in -
accordance with the . international regime to be established.”

6. "States shall act in the area in accordance with the applicable

principles and rules of international law ... and the interests of maintaining

international peace and security and promoting international co-operation
and mutual understanding.”

;(mone)
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7. Exploration and exploitation "shall be carried out for the benefit
of mankind as a whole, irrespective of the geographical location of States,
whether land-locked or coastal, and taking into particular consideration
the interests and needs of the developing countries",

8. "The-area shall be reserved exclusively for peaceful purposes"
and agreements shall be concluded as soon as possible to constitute a step
towards the exclusion of the area from the arms race.

9. On the basis of these principles, an international regime for
the area and its resources, including international machinery to give effect
to its provisions, shall be established by "an international treaty of a
universal character, generally agreed upon", "The regime shall, inter alia,
provide for the orderly and safe development and rational nanagement of
the area and its resources and for expanding opportunities in the use
thereof, and ensure the equitable sharing by States in the benefits derived
therefrom, taking into particular consideration the interests and needs
of the developing countries, whether land-locked or coastal."

10. States shall promote international co-operation in scientifice
research exclusively for peaceful purposes.

11; States shall co-operate in the adoption and implementation of
internaticnal rules, standards and procedures for the prevention of
pollution and other hazards to the marine environment as well es for the
protection and conservation of natural resources and the prevention of
damage to flora and fauna.

12, States shall pay due regard to the rights and legitimate interests
of coastal and other States affected by their activities in the area.
Coastal States shall be consulted with a view to av01d1ng infringement
of their rights and interests.

13. Nothing in the Declaration shall affect the legal status of the
waters or air space above the international sea-bed area, or the rights
of coastal States to prevent, mitigate or eliminate grave and imminent
danger to their coastline or related interests from pollution or other
hazardous occurrences, subject to the international regime to be established.

-1k, Every State and international organization is responsible for
ensurlng that activities in the area by those under its jurisdiction or
acting on its behalf shall conform to the international regime. "Damage
caused by such activities shall entail liability."

15. The parties to any dispute relating to activities in the area and
its resources shall resolve such dispute by the measures for peaceful
settlement mentioned in Article 35 of the United Netions Charter and such
procedures for settling disputes as may be agreed on in the international
regime.

(more)

00011



) - Press Release SEA/18
28 May 197k

Drafting work for treaty articles on en- international regime and machinery
for the sea-bed began in a working group of Sub-Committee I in 1972. Starting
frem an informal working peper intended to reflect areas of agreement and
disagreement, the drafting process was carried out in two stages «- & first
reading designed to ensure that the opinions of members were fully and accurately
reflected in the peper, and a second reading in which members sought to narrow
the areas of disagreement as far as possible and to merge slternative texts
where there was no fundamental difference of approach. P

As regards the internetional regime, the Working Group earried out a first
reading of texts relating to the limits of the sea-bed area, and completed a
second reading of texts concerning the following 20 subjects: the common
heritage of mankind; activities regarding exploration and exploitation; non-
appropriation or claim or exercise of govereignty or sovereign rights, or of
rights incompatible with the treaty rights; and the non-reécognition of any such
claims or exercise of rights; use of the area by ell States without discrimination;
general conduct in the area,and in relation to the area; benefit of mankind as a
whole; preservation of the area exclusively for peaceful purposes; who may
exploit the area; genersl norms regarding exploitation; scientific research;

_transfer of technology; protection of the marine environment; protection of
human life; due regerd to the rights of coastal States; legal status of waters
superjacent to the areejaccommodation of activities in the marine environment
and in the area; responsibility to ensure cbservance of the international regime
and liebility for demages; access to and from the area; archaeological and
historicsl objects; and settlement of disputes, B

With regard to international mechinery, the Working Group completed its
second reading of texts concerning the following subjects: the Assembly and its
powers and functions; the Council and its powers and -functions; the system of
settlement of disputes (including the Pribunal); and an operating agency or
‘bodies, variously called the Enterprise, operations commission, permanent board,
management and development commission, international sea-~bed operations
organization, exploration and production agency, and exploltation commission.

A first reeding was completed of texts relating to the following aspects
of the machinery: esteblishment of the mechinery; nature of the sea-bed
authority; status of the authority; operation of vessels and emplacement of
installations by the authority; instellations and other facilities for the
exploration of the area and the exploitation of its resources; privileges and
immunities; relationships with other orgenizations; fundamental principles of
the Punctioning of the authority; purposes of the authority; powers and functlons
of the authority; principal orgens of the authority; the secretariat; varlous
proposed bodies, including a rules and recommended practices commission, planning/
price stabilization commission, scientific and technological commission, legal
commission, international sea<bed boundary review commission, and inspection
and conservation commission; and miscellaneous provisions. s

(more)
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The texts produced by the Working Group of Sub-Committee I, "illustrating
areas of agreement and disagreement", occupy 127 pages of the Committee's final
report (document A/9021, volume II, pages 39-165). In most cases, two or more
alternative texts are given for each draft erticle. :

In addition to these subjects, delegations in the Working Group suggested
& number of other matters which might need to be dealt with, including general
rules and regulations regarding exploration of the area and exploitation of its
resources, integrity of investments, regional arrangements, the participation
of disadvantaged countries, a statute for the Tribunal, criteria for the sharing
of benefits, the parties to the treaty, and transitional provisions. Not all
delegations accepted this list in its entirety.

The Secretary-General will submit to the Conference a study on the economic
implications of sea-bed mining. This will be a follow-up to earlier papers
presented to the Sea-Bed Committee in response to Assembly resolution 2750 A
(xxv) of 1970. _

The first of these papers, issued in 1971, noted that technological .develop~-
ments would eventually meke deep-sea petroleum and manganese nodule exploitation
not only technically .possible but also commercially feasible. It predicted that
petroleum markets were unlikely to be affected significantly by such developments,
because of the higher costs of deep-water production and the sbundance of on-
shore and shallow-water petroleum. However, it held that future exploitation of
manganese nodules lying on the ocean bottom might become an important source of
the world's nickel requirements and might eventually become a major source of
cobalt supply as well, in addition to supplying e minor proportion of copper needs.

General Agggcts of.Sea Law

Sub-Committee II, which drew up the list of issues and topies in 1972, .
began work on draft articles in March 1975, when its Working Group started
meeting, After a preliminary discussion on how to go about the drafting, the
Group decided that the subjects and issues assigned to it would not be examined
one by one or in groups, but should be regarded as forming part of one whole,

A comparative table was drsawn up for the Group in July, setting out all
70 texts submitted by delegations, arranged according to the headings and
subheadings in the list of subjects and issues (document A/9021, Vol. V). For
some of these subjects consolidated texts were prepared, making possible a more
direct comparison of the varlous proposals provision by provision (document
Af5021, Vol. VI). ' '

Using these two compilations as a tool, the Working Group decided to present
variant (alternative) texts which might, where appropriate, form the basis of
draft articles., Delegations presented many variants during the Group's last
few meetings in August, and informal consultetions mede it possible to effect
some reduction in the number of variants (document A/S021, Vol. IV). However,
it was recognized in the Working Group that. the presentation or non-presentation
of variants by delegations did not commit them to & particular position or
signify support for one or the other variants presented, ilnssmuch as Governments?
official proposals were lodged individually with Sub-Committee II.
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The 161 pages of variants deal with such subjects and issues as the nature
and characteristics of the territorial sea, the delimitation of the territorial
sea, the breadth of the territorial sea, innocent passage, straits, archipelagos,
the exclusive economic zone, the continental shelf, preferential rights and
duties of coastal States, rights and interests of land-locked and geographically
disadvantaged countries, regional arrangements, and certain aspects of fishing
on the high seas.

Marine Environment, Science and Technology

The main subjects examined by Sub-Committee III were preservation of the
marine environment, scientific research, and the development and transfer of
technology.

The group known as Working Group 2 began its drafting on the marine
environment in March 1975. Basing itself on proposals submitted to the Sub-
Committee by delegations, the Working Group discussed the following subjects:
general obligation to preserve and protect the marine enviromment; general
obligation of States to adopt measures to prevent pollution of the marine
environment, irrespective of the source of pollution; obligation of States to
prevent damage from marine pollution; particular obligation of States to adopt
specific measures in connexion with certain sources of marine pollution, and
the relation between such measures and generally accepted international standards;
global and regional co-operation; technical assistance; monitoring; standards;
and enforcement.

Informal consultations were then held under the Working Group's auspices,
between sponsors of the various proposals and other delegations. They were able
to produce & number of texts -- usually in elternative versions -- for draft
articles on many of these subjects, but the Working Group as a whole did not have
time to examine those texts, which are reproduced in the Committee's 1973 report
(document A/9021, Vol. I, pages 86-89 and 91-105).

Working Group 3 of Sub-Committee III began discussing the various proposals
on scientific research in April 1973. Tits discussions covered the definition
and objectives of marine scientific research, the conduct and promotion of marine
sclentific research, and the prerequisites for the conduct of such research.
Informal consultations produced several alternstive versions of texts for draft
articles on this subject (document A/9021, Vol. I, pages 103-105), but the
Working Group as a whole did not have time to examine them.

As to development and transfer of technology, Sub-Committee III completed
a general debate on this topic but its Working Group 3 did not have time to begin
work on draft articles,

Conference Procedure

The second session of the Conference is to be opened by its President at
3 p.m. Thursday, 20 June, at Parque Central, a new complex of commercial and
residential buildings near the centre of Caracas. Following a minute of silence
for prayer or meditation, the Conference will hear an address by the President
of Venezuela, Carlos Andres Perez.
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The next order of business will e adoption of the rules of procedure.
This was to have taken plesce during the organizational session held in New York
last December, but disagreements persisted over the question of how decisions
are to be taken by the Conference, including rules for voting.

The question of decision-making at the Conference had been discussed by
the General Assembly, which approved last November the following "gentlemen's
agreement" reached between delegations:

"Recognizing that the Conference at its inaugural session will adopt
its procedures, including its rules regarding methods of voting, and
bearing in mind that the problems of ocean space are closely interrelated
and need to be considered as a whole and the desirebility of adopting &
Convention on the law of the Sea which will secure the widest possible
acceptance,

"The General Assembly expresses the view that the Conference should
make every effort to reach agreement on substantive matters by way of
consensus; that there should be no voting on such matters until all
efforts at consensus have been exhausted; and further expresses the view
that the Conference at its inaugural session will consider devising
appropriate means to that end." -

When it proved impossible to reach agreement on this issue in December,
the Conference agreed to a proposal by its President that he hold informal
consultations on the matter in New York from 25 February to 1 March 197k, It
further agreed that the decision in regard to the rules should be taken by the
Conference in Caracas not later than 27 June, if necessary by voting. The
understanding agreed to by the Conference was that the rules would be adopted
by a simple majority unless the Conference decided that this constituted an
important question requiring a two-thirds majority.

Informal consultations were held as scheduled from 25 February to 1 March,
and it was agreed at that time that the contacts would resume in New York from
12 to 14 June,

Draft rules of procedure were drawn up last November by the Secretariat
{document A/CONF.62/2 and Add.1-3), "designed to facilitete as far as possible
the search for the broadest possible agreement on any matter of substance,
before a formal vote is taken by a committee or by the Conference". To this
end, what has been described in the debate as a "cooling-off period” is provided
for in the draft rules, under the requirement that, if there is any objection
2 taking a vote, a main committee would secure the permission of the Conference
before voting. Both in the Conference and in any committee the presiding officer
would have authority to defer taking a vote for a given period.

The draft rules follow the rules of the General Assembly in requiring a
simple majority vote for the adoption of proposals in committee and a two-thirds
ma jority in plenary. Abstaining or absent delegations would not be counted in
determining whether a majority exists,
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‘Severd). amendments to this procedure have been proposed. .Iwo of them
would require larger majorities for suosteutive decisions: a two-thirds
'a"ority of States participating inm 'the Conference and nct just of those voting

" es" or "no" (United States), and a nine-tenths majority of those present and
voting (Soviet Union). Other proposed amendments would chenge the "eooling-off"
procedure in a variety of ways.

On other matters, the draft rules provide for a UB-member (enerel Comnittee
to assist the President in the conduct of the business of the Conference, ensure
the co-ordination of its work, and mahe rbcgmmendations to further the progress
of the Conference. Its meMbers are the President, Vice~Presidents and
Rapporteur-General of the Conférence and ‘the officers of the three main committees;
the Chailrman of the Drafting Committee may participate in the General Committee
without the right to vote.

There is also a 25-member Drafting Committee and & nine-member Credentials
Committee, ‘

Conference Participanta

The General Assembly has invited to the Conference the 135 Membe-s of the
United Nations end the other States (now numbering 13) which are members of one
or more specialized agencies. It also invited the Republic of Guinea-Bissau
(which has since become a member of & specialized ageney ~-- the Food and
Agriculture Organization) and the Democratid Republic of Viet-Nam., The latter
declined the invitation last November, however, bécause the Provisional .
Government of the Republic of South Vlet-Nam had nqt been invited (document A/9350)

In addition to these 1k9 States, the AgseMbly requested the Secretary-
fieneral to-invite the United Nations Cotineil for Nemibie, the specialized agencies
of the United Nations, and the Internationel Atomic Energy Agency. Other
intergovermmental bodies and interested non-governmental orgerizetions having

consultative status with ‘the Econcmlc and Soclal Council are also to be invitod to
attend,

The draft rules of procedure provide that observers for intergovernmental
organizations may participate without vote in the Conference:s and its mein.
committees and subsidiary organs, on the invitation of the preaiding officer
and on questions within ‘the scope of their activities., They may also'have , .
written statements distributed to delegations. Internaticnal nonugovernmental
organizations would have the right, under the draft rules, to designate cbservers
who could attend public meetings of the Conference and its ‘mein committees, make
oral statements on the presiding officer's invitation and sdbject to -the approval
of the body concerned, and have written statements distributed.

(more )
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Officers of Conference

The officers of the Conference, elected at the organizational session in
December, are as follows:

President: H. Shirley Amerasinghe* (Sri lanka)

Vice-Presidents (31): Algeria, Belgium, Bolivia, Chile, China, Dominican Rerublic,
Egyvot, France, Iceland, Indonesia, Iran, Iraq, Kuwait,
Liberie, Madagascar, Nepal, Nigeria, Norway, Pakistan,

Peru, Poland, Singapore, Trinidad and Tobago, Tunisia,
Uganda, USSR, United Kingdom, United States, Yugoslavia,
Zaire and Zambia.

Repporteur-General : Kenneth Rattray (Jamaica)

Committee I (international sea-bed regime and machinery):
Chairman: Paul Bamels Engo (United Republic of Cameroon)

Vice-Chairmen: Brazil, German Democratic Republic and Japan

Rapporteur: H. Charles Mott (Australia)

Committee II (general aspects of law of the sea):
Chairmen: Andres Aguilar (Venezuela)
Vice-Chairmen: Czechoslovakia, Kenya and Turkey
Rapporteur: Satya N. Nanden (Fiji)

Committee IIT (marine environment, research and technology transfer)
Chairman: Alexander Yankov (Bulgaria)
Vice-Chairmen: Colombia, Cyprus and Federal Republic of Germany

Rapporteur: Abdel M.A. Hassan (Sudan)

Drafting Committee (23 members):
Chairmen: J.A. Beesley (Canada)

Other members: Afghanistan, Argentina, Bangladesh, Ecuador,
El Salvedor, Ghana, India, Italy, Lesotho, Malaysia,
Mauritenia, Mauritius, Mexico, Netherlands,
Philippines, Romania, Sierra Ieone, Spein, Syria,
USSR, United Republic of Tanzania and United States.

tredentials Committee (9 nmembers):
Cnairmen (elected by the Committee): Heinrich Gleissner (Austrie)

Members: Austria, Ched, China, Costa Rica, Hungary, Ireland,
Ivory Coast, Japan and Uruguay.

Constantin A. Stavropoulos has been appointed by Secretary-General Kurt
Jaldheim as his Special Representative to the Conference (biographical note in
Press Release BIO/1102 of 24 May)., The Executive Secretary of the Conference is
David L.D. Hall, % wRE ¥

¥  Torebiographical note see Press Release BIO/10TL-SEA/L of 3 December 1975.
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Note by the Chairmen

In order to assist the Committee in the consideration of the questions relating
to economic implications of sea-bed mining, the Chairman of the First Committee has
prepared the following note containing the major summeries and conclusions of the
pertinent .documents presented to the Conference.

1. Basic documents

- Economic Implications of Sea-Bed Mineral Development in the International Area:
Report of the Secretary-General (A/CONF.62/25)

- Statement made by G. D. Arsenis on behalf of the Secretary—deneral of UNCTAD
(A/CONF.62/32) _

-.The effects of possible exploitation of the sea-bed on the earnlngs of .

developing countries from copper exports: Report of the UNCTAD secretarlat
(TD/B/4EL)

-~ The effects of production of manganese from the sea-bed, with particular
reference to effects on developlng countries producers of manganese ore

(TD/B/483)

= Ezploitation of the mineral resources of the sea-bed beyond national
Jurisdiction: case study of cobalt (TD/B/L4G/Add.1)

~ Exploitation of the mineral resources of the sea-bed beyond natlonal
Jurisdiction: issues of international commodity policy. Note by the UNCTAD
secretariat (TD/B/4L9)

- Mineral production from the area of the sea-bed-bEyond nationsl jurisdicei on:
issues of international commodity poliqy,%Tﬁ7il3/Supp L).
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II. Summary £nd cornclusionc of {»2 Report of the
Secretary-General (4/COUNF.52/25)

-

1. This summary provides a brief review of the coatents of the revort. In view of
the complexity of the subject, however, it necessarily omits much of the analyses and
accordingly should not in any sense be tcken as a substitute for the text of %he report
itself,

2. Manganese nodules are the most likely deep-ses minerals to be exploited in the
foreseeable future. Nodules are composed of fine-grained oxide material and are
distributed widely over the floor of the worlé ocean. They vary widely in their
composition, as well as in their physxcal and chemicel properties. There is now
considerable commércisl interest in exploiting them for their component metals, chiefly
nickel, copper, cobalt and manganese.,

3. Only sbout 3 per cent of the sea floor has been extensively surveyed. However,
intensive exploration in recent years has revealed enough about the extent and location
of deposits to permit commercial exploitation of nodules. Potential commercial deposits
exist in the Pacific and Indian Oceans, while none have yet been located in the

Atlantic Ocean.

4. Various commercial groups have completed the exploration: or prospecting phase and
are now evaluating potential mine sites. Site evaluation focuses on estimating the
average concentrations of the constituent metals in nodules and on the nodule density
per unit aree of the mine site. These are the key parameters which, with bottom
topography, affect the potential profitability of a mine site. There is great interest
in the central Pacific region, which contains extensive concentrations of higher value
nodules. Within this region, some evidence suggests that nodules with the highest
potential value are concentrated 1n an east-west belt between 6°N and 20 N latitude
and extendlng between 110°W and 180°W longitude.

5. The physical problem of recovering the nodules from the sea floor is proving to be
a difficult one. As surficial deposits, nodules will be dredged and either pumped or
hoisted from the sea floor. At the surface facility the nodules will then be loaded
into barges or ore carriers for transportation to a processing plant. Under hydraulic
lifting systems the nodules must be concentrated within a relatively small ares so that
the suction system can operate efficiently; this gathering process seems to be one of
the most serious stumbling blocks in test operations. .

6. Several national Governments have been and are involved in nodule mining through
various forms of direct and indirect subsidization of mining activities. They have
funded research on exploration, offered tax relief and the use of government facilities
for research on processing, and in some cases Governments are contemplating direct
participation in mining ventures.

7. By most estimates, it appears that nodule mining will prove to be a commercially
profitable operation. Although the physical, technical and logistic problems are
formidable, the existing techuological capability can allow the industry to work. The
question of the probable impact of sea-bed mining on world merkets centres on the
degree of competitiveness between marine and land-based sources of metal supply. To be.
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rigorous, a study of this question would require a comparison of the relative supply
costs of these two sources. This is not practicable for the following reasons:

(e)) most information on estimated costs of individual firms or consortis is still
proprietary and closely guarded; {b) as the industry matures costs will drop from
initial levels due to a "learning-by-doing" effect. Also, technical progress in
engineering, materials, and design will serve to further reduce costs over time; (c) the
range of costs among land-based producers is extremely wide, making it difficult to find
& uniform supply price for land-based producers as a whole; (d) the profitability of
nodule mining, the volume of production, and the impact on prices will be affected by
the nature and extent of any regulation of the industry by the Sea-Bed Authority.

8. Therefore, in order to approximaete the likely impact of nodule mining, certain
assumptions must be made to facilitate the analysis. In this report, the assumptions
mede are based on the latest information available, on the discernible trends, and on
the known plans of sea-bed miners.

9. Given the state of preparedness of the industry, commercial metal production from
nodules could commence toward the end of the decade, though nodule mining might start

as early as 1976. The decision to go ahead and begin production will depend on whether:
(a) the firms feel that their mining and metallurgical processing technology is
economically viable; (b) that they are on safe legal grounds with security of investment
and assurance of exclusive access to their chosen mine sites; and (c) that they have
adequate financing for their ventures. Once the go-ahead decision is made, it is
assumed that commercial operations can commence within three to five years.

10. Perhaps the most critical assumptions deal with the expected rate of development of
the nodule industry, the average grade of nodules processed, the constituent metals to
be recovered and the metallurgical yields. Metal production from nodules will be
affected by the pattern in which new operations enter the field each year and by
increases in capacity of existing operations. Economies of scale will dictate the size
of individual operations; the likely sizes being of 1 and 3 million ton capacities.

Six groups are expected to be in operation by 1985, the total volume of dry nodules
being processed in that year amounting to 15 million tonms.

1l. According to most experts, nickel will be the meinstay of the nodule industry.
Copper, cobalt and nickel will be produced jointly, with manganese and several trade
metals probably being produced as by-products from the tailings. As a guideline for
their own planning, nodule miners look for a comhined nickel and copper content equal to
5 mor cent of the dry-weight af roduies. Other metals will be recovered if the
additional costs of processing are covered by the additional revenues from these metals,
which in turn depends on their prices. Thus, there can be no uniform, industry-wide
assumptions about production of other metals. For example, industry plans vary widely
with respect to manganese production, not only regarding its volume but also its form,
i.e. ore, ferromanganese or menganese metal.

12. For nickel, & minimm 6 per cent per annum long-term growth rate is assumed. 1In

1972, the share of developing countries in world production of nickel was only 13 per cent,
2lthcuch this share is expanding rapidly. Production-frem nodules misht amount to

18 per cent of the total world demand in 1985. This volume of production would depress
prices somewhat, but the impacl would be lessened by the good growth prospects for

/...
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nickel, and by the fact that developing producers account for a small share of the
total market. Nickel production from nodules might cause some high cost laterite
projects under consideration to be abandoned, but it should not have a serious effect
on land-based production as a whole. :

13. The w@rld merket for copper is huge compared to that for nickel, being about 1k
times the size of the nickel market in 1972. Copper prices rose dramatically from
1970-19Th . reaching a record level of $US 1.10/1b. in early 19Th. Of the metals
contained in nodules, copper production is the least concentrated among producers. It

is expected that the demand for copper will show an annual percentage growth rate of

-5 per éent to the eqd of the century. Production from nodules might supply about

1.3 per cent of world comsumption in 1985 and would displace only 5.5 per cent of the net
import requirements of developed countries by that time. Copper production from
nodules is. expected to have a minimum impact on a relatively large, growing and

somewhat diffuse market.

ik, Manganese might be recovered from nodules in two forms, either as pure metal or

as ore-equivalent. More than 90 per cent of the manganese produced is used in the form
of ferromanganese in the manufacture of steel; thus the rate of growth in its
consumption will tend to parallel that of steel production. - On the other hand, the
market for manganese metal is relatively small. ldetal production from one operstion of
1 million toms/year in 1985 mizht iz¥mt to twice the volume of projected demand.
Therefore, manganese metal supply from nodules would depress prices. Depending on the
form and volume of manganese recovery from nodules, the export earnings of developing
country producers might drop significantly. However, with Just one exception,
developing countries are not dependent upon manganese exports to a great degree.

15. Cobalt is a relatively expensive metol with a small market, and its value in
world commodity trade is rather small. By 1985, production from nodules could account
for about helf the volume of world output while effecting a drop in price to about

two thirds of current levels.

16. The long-term prospects of the nodule industry are tied closely to nickel and
copper. In the long-term, if capacity expansion in sea-bed mining was sufficiently
large to depress the price of nickel to approximately the price of copper, this would
open up some important substitution possibilities of nickel for copper.:- In this case,
the prospects for the industry might warrant a large second-round expansion. This
scenario is somewhat speculative, and possible only in the absence of any form of
regulation.

17. Although everyone agrees that nodule resources should be developed in a rational
manner, opinions differ on what specific objectives come under this very general goal.
In the Sea-Bed Committee, several policy objectives were proposed and discussed, in
particular: to encourage nodule development so as to enlarge the world resource base,
to minimize the impact of nodule exploitation on developing countries exporters of
minerals, to ensure the participation of developing countries in sea-bed mining
sctivities, to promote the conservation of nodule resources and to preserve the marine
environment.
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18. Some of these objectives and the conflicts between them indicate the need for a
trade-off between :fricicncy @and equity, which is one of the fundamental issues under
any form of economic organization. Some would argue that the nodule industry should be
free to operate w ¢ resiraint, since under conditions of competition and free
entry, the nodule resources would then be developed et minimum cost. Others contend
that unrestricted nodule exploitation would benefit primarily those countries developing
the necessary tecihinoiogy which are also the largest consumers of minerals; thus many
developing countries mineral exporters might be harmed by nodule exploitation.

19. Twb different approaches are examined in the report for balancing the objectives

of efficlency and equity: *he compensatory approach, whereby the nodule industry

would be allowed to cperate with little or no explicit regulation, but some forms of
compensation would bo ;2id to developing countries if they experienced a loss in export
revenues; and the preventive approach, which would involve some form of direct reguletion
of the nodule industry by an International Authority. The second approach only is
discussed in detail in the report.

20. Under a geuneral preventive approach, many specific regulatory formulae would be
possible, depending on what the Authority chooses as the basis of regulation. The
report considers the efrects of choosing nickel as the basis for regulation. In this
case, the Authority would allow new ventures to come on board and production from
nodules to proceed so as to supply part or all of the increase in demand for nickel in
each year. This type of scheme would recognize the complementerity between land and
merine sources, since production from both sources would be growing. It would also
recognize the need of the industry to remain visble, and since nickel would be one of
the main generators of industry revenue, this would be assured.

21. Metal production frcm nodules could, for example, be geared to supplying between
50 and 100 per cent of the incicase in demand for nickel, with possible additionsl
restrictions on recovery of other component metals, such as manganese. Assuming that
the demand for all these metals would be growing at their long-term rates by 1985, and
the maximum production is authorized, sea-bed mining could make considerable inroads
into the cobalt market, accounting for 66 per cent of world demand. The share of world
demand for nickel supplied by nodules could be 28.6 per cent by 1985, under these
assumptions. : :

22. Even taking into account a share of revenues for the International Authority, it
appears that nodule mininz would still show a financial return commensurate with that
of other investments. On +the basis of a wide range of analytical assumptions, some
estimates are contained in the report. If, for example, the Authority were to take a
50 per cent share of net revenues, the medium estimate of the take from a single mining
operation of 3 million tons/year would be $96 million. This would still allow the
miners a 36 per cent return on total investment after payment of the Authority's share.
This is more than commensurate with the average return on investment in mining in the
United States which was 12.4 per cent in 1972.

23. Whatever specific form regulation by the sea-bed Authority might take, the régime
must have sufficient flexibility to adapt its mode of operation to the changing
conditions of world markets and of the industry itself. Without this flexibility, the
Authority would be severely hampered, and it would be extremely difficult to ensure that
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the otrjectives discussed under the goal of rational development would be achieved. A
more practical problem will be to deterwine on which stage of production the take of

the Authority would be based. If the value of nodules on board ship were to be used

as the base, then ithe lion's sharce of the berefits from the comnon heritage of mankind
would accrue to tiie producing countries. Nodules on board ship would represent only 6

to 10 per cent of the value of nodules after the processing stage. The Authority must

be able to capture some of the value added by pirocessing, since the significant

spinoffs from esteblisning the processing plants will again go ©o the producing countries.

24, One possible way to tackle the objective of conservation of nodule resources would
be to employ a grid system for demarcating the area of potential nmining operations.
Within the grid system, only selectcd blocks might be auctioned by the Authority to
potential producers in any one year. The take of the Authority might, for example,
consist of two parts: the proceeds from the auction plus a levy on net or gross
revenues. The highest bidder would acquire control over iiie mine site for a fixed
period which would be long ernough to allow him to recoup his investment, after which
the site would be returned, in a specified condition, tc¢ the Authority. Certain blocks
would nos be auctioned off immediately. but reserved for futnre use.

25. The range of possible poiicy slternatives onen to the International Authority is
quite wide. The regulatory ovtions discussed in the report are by no means the only
feasible alternatives. Fcr example, it i.s not necessary that the Authority license
commercial cxploitation of nodules by private companies. Alteirnatively, the Authority
might enter into joint ventures, or it might choose to undertake the entire operstion
of sea-bed unining by itself.

26. In any case, it appears that even after paying the levies of an International
Authority, sea-bed mining will be a commercially profitable operation. There are
concrete volicy options which can balance the interests of the mineral producing and
consuming nations, and some of these possible options are discussed at length in the
report. It should be emphasized that the pace of change in world economic affairs -~.
especially in recard to exchange rates, commercial policies and inflation - can
significantly alter the economic picture within a few years. Any form of international
regulation of sea-be¢ mining must be sufficiently fiexible to adapt itself, its

methods and objectives to the changing economic order.
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I1I. Summary and conclusions of UNCTAD's reports

A. Summary of the statement made by iMr. G. D. Arsenis on behalf of the
Secretary-Genersl of the United Nations Conference on Trade and
Development (A/CONF.62/32)

1. It is now generally agreed that greater aveilabilities and presumed lower costs
associated with the production of minerals frem the sea-bed would bring benefits to the
world as a whole. How could these benefits be distributed among Member States? This is
the central question.

2. The Conference would wish to take account of the following principles in answering
this question:

(a) the sea-bed resources are the “common heritage of mankind',

(b) their exploitation should be "for the benefit of mankind as a whole, taking
into account the special interests and needs of developing countries”;

(c) the need for concerted international action to underpin the development of
developing countries and to reduce the economic gap between developed and developing
countries;

(d) the convergence of interests of producing and consuming countries, and
consequently, of the need for a new strategy that would meet the legitimate needs of
consuming countries for assured supplies and of producers for strengthened earnings and
assured markets: both producers and consumers have an interest in an orderly price
situation and in the rational exploitation of non-renewable resources.

3. One important result of sea-bed mineral exploitation would be that it would bring
direct benefits to consumers of the minerals concerned which are, by and large, mineral
using industries in developed countries.

b, The chief consequence of sea-bed production for land-based producers of the minerals
concerned would be that their total earnings from the minerals would grow less rapidly
than they would have done otherwise, and in some instances, they might even decline from
previously realized levels. In 1980, on the level sea-bed production might reach in that
year, export earnings of developing countries in that year would be about $360 million
lower than in the absence of sea-bed mining.

5. Income likely to accrue to the proposed international sea-bed authority would fall
short of the potential export earnings foregone by established developing countries. The
likely revenue of the authority would be insufficient to compensate those countries,

nor would funds be available for the benefit of other developing countries.

6. It would appear that in the absence of special arrangements to protect the interests
of developing countries, mineral production from the ses-bed while contributing to

vorld development, may also result in a widening of the income gap between developed

and developing countries.
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T. There is, therefore, an imperative need for the international community to meke firm
arrangements to ensure that such activity would not adversely affect the interests of
developing exporting countries.

8. A compensatory approach is conceivable, but would require additional funds to meet
the shortfall of the revenues of the authority in relation to the loss in export
earnings of developing countries.

9.  An alternative approach would consist of arrangements to ensure that output from the
sea-bed will not result in prices which are not equitable and remunerative to the
teasonably efficient countries which are established producers of the minersls concerned.
For this purpose, strict control over production or selling prices should be exercised
by the proposed internmational authority.

10. The establishment of a properly constituted international authority either able to
undertake sea~bed mining itself or alternatively equipped with the full regulatory end
taxing powers, appears to be & prerequisite to the equitdble utilization of these
resources.

B. Case study of copper (TD/B/LBL): Summary and conclusions

1. The consumption of copper has increased in the lest two decades at an average annual
rate of 5 per cent, and in the non-socialist world reached an annual average of 8 million
metric tons in the period 1969-197T1.

2. Mine production over that period totalled about 5 million tons of copper content,
corresponding to a value of $6,000 million, the difference between mine production and
consumption being accounted for largely by the use of secondary copper. The share of the
developing countries in that output was about 40 per cent.

3. ‘The characteristics of the copper market, and in particular the existence of two

- relatively independent sub-markets, were taken into account in an econometric model which
was used to simulate the behaviour of the market in the event of exploitation of the
sea~bed. As in the UNCTAD secretariat's previous reports, four assumptions were made
concerning the intensity of exploitation of the sea-bed. On the low assumption 14,100
tons of copper would be extracted from the sea~bed in 1980, on the medium-low assumption
42,300 tons, on the medium-high assumptlon 98,800 tons, and on the high assumptlon

lhl 000 tons.

4., On the assumption that in 1980, 141,000 tons of refined copper will reach world
markets, the volume of copper extracted from the sea~bed would not account for more then
. 2 per cent of mine production, or for mcre than 1 per cent of consumption in the
non-socialist world. According to the results of the quantitative analysis, the effect
of this production might be summarized as follows, by comparison with the case of no -
exploitation of the sea-bed: contraction of mine production on land by 0.7 per cent,
expansion of total mine production {on land and on the sea-bed) by 1.2 per cent, and -
expansion of consumption by 0.k per cent in the non-socialist world. London Metal Exchange
prices would drop by 2.2 per cent and United States producer prices by 1 per cent. The
export earnings of the developing countries would shrink by about $200 million, or about
3 per cent of the total. /
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5. This figure may Le compared with the value of thé copper that would be extracted
from the ses-bed on the same assumption - about $300 million. Assuming that the profits
of firms engaging in that activity is not likely to exceed half their gross receipts, it
will be seen that a transfer of all or part of those profits to the developing countries
would not offset the shrinkage of their potential export earnings.

C. Case study of manganese {(TD/B/LE83): Summary and conclusions

1. This paper presents the results of an analysis of the effects of the mining of
manganese nodules from the ocean floor on the land-based manganese ore industry and, in
particular, on the developing country producers of such ore. These results are based

on an econometric model of the manganese ore industry - summarized on page 15 - and fully
described in TD/B/L83/Add.1.

2. The analysis is related to a base cese set of premises, whféh can be sutmarized
as follows: ‘

(a) The range of sea-bed production levels which can realistically be anticipated
over the projection period (1974-80), is taken to run from a low of about 442,000 metric
tons of manganese ore in 1980 to a high of atout 4,420,000 metric tons of ore in the
same year. ‘

(v) Production of manganese ore from the sea~bed is assumed to be planned, broadly,
on principles similar to those relating to land-based production. This will lead to a
partial, though not pound-for-pound, displacement of land-source supplies by ocean-source
supplies.

(c) The share of the developing countries in aggregate land-based production will
remain approximately constant at its current level ovzr the period.

(3} Real gross national product in the industrialized countries which are the
principal consumers of manganese ore is assumed to grow during the projection period at
recently observed rates. Further details of these assumptions and information about other
assumptions made are provided in chapter Ii. The base case premises Just summarized
should be regarded as merely a reasonable reference case for study. Alternstives to
certain key assumptions and the effects of these alternatives on the analytical results
are considered in chapter V. .

3. The principal results which flow from the base case premises and which pertain to the
manganese ore industry as a whole are as follows (see chapter IIT for details).

b, Aggregate consumption of manganese ore in the developed market economies and in the
developing countries is expected to increase at an average annual rate of about
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5.3 per cent between 107h and 17°0. 1/ Tis is s somevhat hicher rite of increase than the
average over, say, the last two decades. It reflects the anticipated relatively high

rate of growth of steel production in the developing countries and an increase in the

share of production by such countries in the total. Sea-bed output of manganese ore will
affect the price of such ore. However, since consumption of manganese ore is very
price-inelastic, consumption is unlikely to vary with sea-bed production.

5. Production of manganese ore from land sources will, of course, be affzcted by ocean
mining operations. In the absence of sea-bed production, land-based output is

anticipated to grow at an annual average rate of 4.2 per cent. Given a moderate level of
sea-bed production, 2/ this rate will probably drop to about 1.5 per cent per year. In
the last year of the forecast period (1980), the reduction in land volume will be from
12.6 million metric tons to 10.4 million metric tons, a reduction of about 18 per cent. 3/

6. The price of manganese ore is expected to be fairly insensitive to the level of
sea-bel production. Without production from the ocean floor, price is expected to decline
by about 1.1 per cent per year under the influence of continuing high production capacity,
United States Government stockpile deliveries, and imports from the socialist countries.
This rate of decline will accelerate to only about 1.6 per cent per annum under the
assumption of a medium level of sea-bed output. The difference in prices between the two
situations in 1980 is the difference between $17.3 per metric ton and $16.8 per metric
ton. 4/ The effect of ocean mining development on the price of manganese ore is

moderated by the fact that sea-bed production will to some extent supplant land-based
production. Hence the effect of the former on total supplies will be mitigated.

1/ All physical quantities and values are aggregates of the developed market
economies and developing countries. Published data on the mangasnese economies of the
socialist countries were insufficient to permit representation of these countries in the
econometric model on which the analysis is based. All quantities and values refer to
manganese ore of metallurgical grade. Data limitations prevented inclusion of chemical-
grade, battery-grade, or ferruginous manganese ore within the model. Consumption of
metallurgical-grade ore, however, represents about 90 per cent of totzl consumption of
all types of manganese ore.

2/ This is the 'medium 2" sea-bed production case shown in table 1 below.

3/ A1l quantities are gross weight of ore. An analysis in terms of weight of
metal content would also have been of interest but was precluded by data limitations.

L/  This is a world average f.0.b. price per ton of metallurgical-grade ore,
gross weight.
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7. = The base set of assumptions also has implications for the export earnings of
developing country producers of manganese ore. §/ Tn the absence of an ocean mining
development, the export earnings of the developing countries from the sale of manganese
ore are expected to rise at an annual rate of about 3.1 per cent over the forecast
period. This gain reflects the conflicting effects of an anticipated slight decline in
price, offset by a moderate rise in export volume. With a medium level of sea~bed
production of manganese ore, export earnings would probably decline by about 2.0 per cent
per year between 1974 and 1980. These differential rates of change imply a very
substantial difference in export earnings in 1980 as between the 1no sea~bed production
case and the medium sea-bed production case, the difference between $93.7 million in the
first case and $65.6 million in the second, a reduction of approximetely 30 per cent
(see chapter IV for further details).

8. As noted, the results given above rest upon a particular set of assumptions, the

base set. It is of interest to determine how the figures of developing country export
earnings might change in response to plausible variations in certain key assumptions.

(See chapter V).

9. It could, for example, be assumed that the developing countries' share of aggregste
lend-based production would decline because they would feel the full effect of the
displacement of land supplies of manganese ore by sea-bed production. This would be the
probable result, for example, if sea-bed production were to be utilized meinly in the
United States which is a distinct possibility, at least over the first few years of the
forecast period. Under these circumstances, and with -a medium level of sea~bed output,
the export revenues of developing countries from the sale of manganese ore would decline
at an eannual average rate of 6.3 per cent falling to $48.5 million by 1980. In that yeer,
such earnings would be about 21 per cent lower than if the impact of sea-bed production
had been shared equally with the developed market economies and 48 per cent lower then if
there were no ocean mining.

10. Similarly, it might be assumed that the average growth rate of the industrial

countries, which are at present the principal consumers of manganese ore, would be less

then historically experienced. Under the influence of e temporary (two-year) reduction

of growth in these countries, and given a medium level of sea~-bed production, export

earnings of developing countries from the sale of mangenese ore would be relatively

lightly affected. Under a sustained reduction of growth (one-half the recent historical ~
rate) - once again with a medium sea-bed output - such earnings would suffer quite

drastically, however, falling to $54.2 million in 1980, a decline of 4.5 per cent per

year between 1974 and 1230. In the latter year, earnings would be approximately .
17 ner cent lesz than il Trowth had been sustained at its wistorical rate. Such earnin:s
would te Lz ocer cent less than i# growth h2d been sustained and the sea«bed development

had not occurred.

5/ Figures on another indicator of the impact on developing country producers,
namely value of annusl production, are given in table T below.
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11. All the above results obtain under an assumption of a fairly moderate scale of
ocean mining operations. Under an assumption of a high - but not impossibly high -
scale of operations, the effects would be even more severe.

12. The table below draws together the main analytical results relating to the effects

of sea-bed production on export earnings of developing country producers of mangenese ore.

Export earnings of developing countries from
manganese ore in 1980

Under alternative assumptions regarding:
Under the base

set of assumptions , Developing countries Reduced growth in
share of land the industrialized
production countries a/
No Moderate Developed Developing Temporary Sustained
sea-bhed sea~bed countries’ countries' reduction reduction
production production production  production

displaced displaced

($US million)
93.7 65.6 86.5 48.5 62.8 54.2

E/A Taken here as the 11 major consumers of manganese ore.

13. The figures presented in the table above suggest that some sort of sea~bed regulatory
régime will probably be required in order to protect the export earnings of developing
country producers of manganese ore. Regulations could pertain to offering prices,
production, or offers to sell the output from mining operations, or some combination of
these. On the other hand, a compensatory approach to protecting the export earnings of
developing countries would probably not be successful. Under any sea-bed case considered,
losses in export earnings of the developing countries amount to about 50 per cent of the
value of sea~bed production. Since the latter represents gross revenues, without
deduction for operating costs, depreciation and amortization, and return on capital, the
prospects for compensating the developing countries for loss of export earnings solely
from the sale of sea~bed production of manganese ore do not appear bright. Thus, a

system of regulation in which losses sre prevented, rather than compensated after the
fact, would seem to be indicated. Definitive statements on these matters, however,

must await a joint enalysis of all four principal sea-bed metals, an analysis in which
interactions among the various metals and between land and ocesn operations cen be
systematically examined.
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D. Case study of cobalt (TD/B/W49/Add.1):
Summary and conclusions

1. Relative to other non-ferrous metal markets, the market for cobalt may be
considerably more affected by the exploitation of mineral deposits on the ocean floor.
For those sea-bed operations presently envisaged, a’though larger gquentities of both
manganese and nickel would be extracted, the amount of by-product cobalt recovered
would represent a far greater vropourtion of current land-based production than would
be the case for any other metal. It is estimated, for example, that one commercial,
deep-sea mining operation could add each year ar~und 30 per cent to current land-based
cobalt production levels, while comparable proportions for menganese or nickel would be
less than 5 per cent.

2. Cobalt is at present a relatively scarce, expensive metal which is nevertheless
used in a wide veriety of industrial products, both metallic and non-metallic. Its
special properties make it particularly suited to a number of rapidly expanding,
advanced-technology industries, and in these uses there are few other metals which
could be substituted for it. At considerably lower prices, cobalt itself could
probably be substituted for various other non-ferrous metals. In these circumstances
the addition to the cobalt market of large quantities of sea-bed supplies could alter
and enlarge the structure of cobalt consumption.

3. The availsble data relating to cobalt production, especially to production costs
and pricing strategies, are insufficient to allow a quantitative assessment of
production frontiers at price levels outeide the range observed in the recent past.
This is especially pertinent with respect %to sea--bed operations and the indirect
effect of lower cobalt prices on the economics of exploitation. The Jjustification
for sea~bed production depends on the recovery of other metals in addition to cobalt,
particularly manganese and nickel, and the interaction effect on the various markets
of sea-bed supplies of these metals has not yet been analysed. This may be
particularly important in the case cof the nickel-cobalt markets. Within a limited
range around the current cobait price levs’, how:zrer, it has been possible to
undertake an econometric analysis ot the cobult market and to draw some hypothetical
conclusions regarding the imgpact of sea-bed production.

L, According to this aralysis, the impact of sea-bed production wouldybe most
evident in the drastic redistribaticn of production and production revenues which
would result if compared with current patturns of production and trade. Gross’
revenues presently accrving to leveloping countries from cobalt production amount to
approximately $95 million onnuaily in terms ci 1970 prices. By 1980, if there were
no production from the sca-bed, this latte-~ nmount is projected to inecrease to

4240 million. egain <o 1970 1iices. Tu i o 0t of ser bed production, however,
developing countries' revenues would be less, between $120-3220 million for 1980,
depending on the level of sea-bed production assumed.

5. The national revenue loss to developing countries in the event of sea-bed
production is thus projected - for 1980 - to be in the region of $19 to $120 million
at 1970 prices, depending on the assumptions made. Under these same assumptions, the
revenue accruing to sea-bed production in 1980 would be $16 to $100 million, at 1970
prices, while developed countries' revenues would remain substantially unchanged in

the region of $10 million. ) 000390 ,



E. Exploitation of the mineral resources of the sea-bed beyond
national Jurisdiction: issues of international commodity
policy (TD/B/LLO): Summary

1. In the formulation of appropriate commodity policies in relation to the
exploitation of the minerel resources of the sea-bed, the international community
should bear in mind the following major considerations:

(a) The potential exploitation of the mineral resources of the area of the
seg~bed beyond the limits of national jurisdiction has implications of great importance
for international trade and development in the minerals sector.

(b) One important result of such exploitation would be that it would bring
direct benefits to the consumers of the minerals concerned who are, by and large,
the mineral-using industries in developed countries.

{c) On the other hand, the chief consequence of sea-bed production for land-based
producers of the minerals concerned would be that their total export earnings from
those minerals would grow less rapidly than they would have done otherwise, and might
even decline from previously realized levels.

(d) The impact of sea~bed production would be likely to be particularly adverse
for developing producing countries, because they typically depend more heavily on the
minerals concerned for their expert earnings and government revenues than do developed
producing countries, and for other reasons.

(e) The restrictive impact of mineral production from the sea-bed on the scope
for the growth of the export -~ornings ci the developing nroducing eountries vwould be
the more serious since the relatively rapid rate of growth in international trade in
minerals and metals affords developing countries an opportunity of partially
compensating for the stagnation of their export trade in many agricultural commodities.
Curtailment of this opportunity would impair the prospects for the developing countries
of achieving the targets laid down in the International Development Strategy for the
Second United Nations Development Strategy for the Second United Nations Development

-

Decade for the ovir- .2 ~—srth of their export e-rnings.

(£f) A comnove beev wmprosch, uniie vhich the developing producing countries
affected by sea-bed production would receive compensation for the estimated adverse
impact upon their export earnings, would be unworkable on account of the insufficiency
of funds on the part of the sea-bed authority if these were confined to the net
revenues accruing from the exploitation of the sea-bed.

(g) Therefore, firm preventive arrangements would be required in advance of the
production of minerals from the sea-~bed in order to ensure that such activity would
not adversely affect the interests of developing producing countries. 1In practice, this
would imply the exercise of strict controls so that the market prices of the minerals
concerned are not depressed below levels declared by the international community as
remunerative and equitable.
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(h) Finelly, whatever organizational arrangements are made with regard to the
utilization of the resources of the sea-bed - which are recognized as "the common
heritage of mankind" l/ - the international community will presumably take care
that they ere fully consistent with the established role of the United Nations in the
formulation and implementation of appropriate international commodity policies as an
integral component of an over-all stratepy for development, particularly of the
developing countries. 2/

F. Mineral production from the ares of the sea~bed beyond nsgtional
urisdiction: issues of international commodlt olic
TD/113/5upp. Summary

1. The economic impact of competing production of minerals from the sea-bed, which
might be expeeted to be adverse to varying extents for the export incomes of all
established producers (in relation to the incomes which they would otherwise earn),
might be particularly adverse for typical developing producing countries. This could
be so for a varlety of reasons:

(a) Developing producing countries typically depend more heavily on the minerals
concerned {such as copper and manganese ore) for their export incomes and government
revenues than do developed producing countries.

(b) The share of developing countries in world trade in certain minerals
{notably mangenese ore) has been declining owing to the more rapid progress made in
the developed countries' production for export.

{(c) The developing countries are likely to participate directly to only a small
degree in the production of minerals from the sea-bed, for, because of its technically
sophisticated nature and its high capital requirements, this production will no doubt
be underteken principally by interests from the affluent and techneclogically advanced
countries.

(d) Developing countries, which are increasingly processing land minerals before
export, would lose such potential export income to the extent that minerals produced
from the sea-bed were processed on the mainland of the producing enterprise's "home
country". Moreover, the stimulus which sea-bed production would undoubtedly impart to
the existing technological trend towards the direct processing of mineral concentrates,
and the avoidance of intermediate processes which are now partly carried out in
developing producing countries, would aggravate the loss of potential export income
on the part of developing countries.

1/ General Assembly resolution 2750 A (XXV),

2/ The International Development Strategy for the Second United Nations
Development Decade makes no reference to the resources of the sea-bed presumably
because, at the time it was drawn up, the potential utilization of those resources
seemed remote.
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(e) The need for large-scale capital investments for the exploration and mining
0f gen Lo4 rezcuress moaht adversely afitost thze Tlow of rrivate investment into similar

activities in developing countries.

(f) Because fewer alternative investment and employment opportunities exist in
developing than in developed countries, particularly heavy economic and social costs
will be incurred in any re-allocation of resources that may be necessitated by the
competition from sea~bed production.

Some implications for policy

2. The essential problem which would arise from the production of minerals from the
sea~bed would thus be the adverse impact of such production - in the absence of special
arrangements - on the economic well-being of the developing producing countries
concerned, and the consequential difference between the social costs and benefits of
sea-bed production and its costs and benefits judged simply in terms of normal.
commercial criteria. The implication of this conclusion for international policy is
that firm arrangements would be required in advance of the production of minerals from
the sea-bed in order to ensure that such activity would not adversely affect the
interests of developing producing countries or, better, would bring them, and to other
developing countries, positive benefits.

3. There would appear to be two possible approaches to the problem of protecting

the trade interests of the developing countries which are established exporters of

the minerals in question: (a) an approach designed to obviate or minimize any
potential adverse effects, and (b) an approach under which the affected countries
would receive compensation for the estimated adverse impact upon their export earnings.

i o 11
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PREFACE

This report was prepared in response to General Assembly resolution
2750 A (XXV) of 17 December 1970 as a follow-up of two previous reports on the
econcmic implications of sea-bed mining submitted to the Sea-Bed Committee in
1971 1/ and 1972. 2/ It responds in particular to the operative paragraph of this
resolution, which requested the Secretary-General to:

"(a) Identify the problems arising from the production of
certain minerals from the area beyond the limits of national
jurisdiction and examine the impact they will have on the economic
well-being of the developing countries, in particular on prices of
mineral exports on the world market;

"(b) Study these problems in the light of the scale of possible
exploitation of the sea-bed, taking into account the world demand for
raw materials and the evolution of costs and prices;

“(c) Propose effective solutions for dealing with these problems;’

Following past practice, the Secretariat of UNCTAD made some comments and
suggestions on an earlier draft of this report. Moreover, the findings 3/
of UNCTAD's report on manganese ore (TD/B/UB3 of 23 April 197h4) were also
taken into account.

The first section, "Review of sea-bed mining activities”, up-dates a previous
report 4/ presented in 1973. 1In the second section, an analysis is made of the
probable impact of sea-bed mining on world metal markets and on developing
country exporters of minerals, during the period 1976-1985. The final section
deals with a number of policy questions, with special emphasis given to the
objectives of minimizing the impact of nodule mining on mineral exports of
developing countries and of maximizing revenues for the international authority.

1/ United Nations, "Possible impact of sea~bed mineral production in the
area beyond national jurisdiction on world markets, with special reference
to the problems of developing countries: a preliminary approach" (A/AC.138/36),
May 1971.

2/ United Nations, "Additional notes on the possible economic implications
of mineral production from the international sea-bed area" (A/AC.138/73),
May 1972.

3/ Although its projections were based on somewhat different assumptions,
the conclusions reached in the UNCTAD report on the impact of nodule mining
on manganese markets are essentially similar to those in this report.

L/ United Nations, "Sea-bed mineral resources: recent developments”
(A/AC.138/90), July 1973.
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The only resource studied in this report is manganese nodules. Hydrocarbons
were not considered because very little production is expected in the foreseeable
future from the deep sea-bed, and in any case the possible impact of such
production is likely to be minimal. Nor were other minerals such as phosphorites,
metalliferrous muds and brines, and deposits in the bedrock taken into account
in this study.

It should be borne in mind that the materials and observations contained in
this report are based on available information on future market conditicns and
the technology being developed for nodule exploitation. Considering the nature
of long-term market forecasts 5/ and the limited knowledge of nodule technology
outside the few groups engaged in research and development work, the analyses
and observations should be considered as tentative and as calling for periodic
review. It should be clearly understood that the ideas put forward are merely
illustrations of the policy implications of some of the possible mechanisms which
could be employed under the international régime.

5/ For example, it is possible that the actions of organizations of mineral
exporting countries might result in metal prices considerably different
from those assumed in the report. Some of the recommendations of the Special
General Assembly on Raw Materials could also change the existing perspective
of future mineral markets.
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Summary of report on economic impact of sea-bed mining

This summary provides a brief review of the contents of the report.
In view of the complexity of the subject, however, it necessarily omits
much of the analyses and accordingly should not in any sense be taken
as a substitute for the text of the report itself.

Manganese nodules are the most likely deep-sea minerals to be exploited in
the foreseeable future. Nodules are composed of fine-grained oxide material and
are distributed widely over the floor of the world ocean. They vary widely in
their composition, as well as in their physical and chemical properties. There is
now considerable commercial interest in exploiting them for their component metals,
chiefly nickel, copper, cobalt and manganese.

Only about 3 per cent of the sea floor has been extensively surveyed.
However, intensive exploration in recent years has revealed enough about the extent
and location of deposits to permit commercial exploitation of nodules. Potential
commercial deposits exist in the Pacific and Indian Oceans, while none have yet been
located in the Atlantic Ocean,

Various commercial groups have completed the exploration or prospecting rhase
and are now evaluating potential mine sites. Site evaluation focuses on estimating
the average concentrations of the constituent metals in nodules and on the nodule
density per unit area of the mine site. These are the key parameters which, with
bottom topography, affect the potential profitebility of a mine site. There is
great interest in the central Pacific region, which contains extensive concentrations
of higher value nodules. Within this region, some evidence suggests that nodules
with the highest potential value are concentrated in an east-west belt between
6°N and 20°N latitude and extending between 110°W and 180°W longitude.

The physical problem of recovering the nodules from the sea floor is proving
to be a difficult one. As surficial deposits, nodules will be dredged and either
pumped or hoisted from the sea floor. At the surface facility the nodules will then
be loaded into barges or ore carriers for transportation to a processing plant.
Under hydraulic lifting systems the nodules must be concentrated within a
relatively small area so that the suction system can operate efficiently; this
gathering process seems to be one of the most serious stumbling blocks in test
operations.

Several national governments have been and are involved in rodule mining
through various forms of direct and indirect subsidization of mining activities.
They have funded research on exploration, offered tax relief and the use of
government facilities for research on processing, and in some cases governments
are contemplating direct participation in mining ventures.

By most estimates, it appears that nodule mining will prove ‘o be a commercially
profitable operation. Although the physical, technical and logistic problems are
formidable, the existing technological capability can allow the industry to work.

The question of the probable impact of sea-bed mining on world markets centres on
the deqree of competitiveness between marine and land-based sources of metal supply.
To be rigorous, a study of this question would require a comparison of the relative
supply costs of these two sources. This is not practicable for the following

00040



reasons: (a) most information on estimated costs of individual firms or consortia
is still proprietary and closely guarded; (b) as the industry matures costs will
drop from initial levels due tc a 'learning-by-doing” effeet. Also, tecknical
progress 1n engineering, materials, and design will serve to further reduce costs
over time: {(c) the range of costs among land-based producers is extremely wide,
making it difficult to find a uniform supply price for land-based producers as a
whole; (d) the profitability of nodule mining, the volume of production, and the
impact on prices will be affected by the nature and extent of any regulation of the
industry by the Sea-Bed Authority.

Therefore, in order to approximate the likely impact of nodule mining, certain
assumptions must be made to facilitate the analysis. In this report, the assumptions
made are based on the latest information available, on the discernible trends, and on
the known plans of sea-bed miners.

Given the state of preparedness of the industry, commercial metal production
from nodules could commence toward the end of the decade, though nodule mining
might start as early as 1976. 6/ The decision to go ahead and begin production will
depend on whether: (a) the firms feel that their mining and metallurgical processing
tecknolo;y is econcmically viable; (b) that they are on safe legal grounds with
security of investment and assurance of exclusive access to their chosen mine sites;
and (c) that they have adequate financing for their ventures. Once the po-ahead
decision is made, it is assumed that commercial operations can commence within
three to five years.

Perhaps the most critical assumptions deal with the expected rate of development
of the nodule industry, the average grade of nodules processed, the constituent
metals to be recovered and the metallurgical yields. Metal production from nodules
will be affected by the pattern in which new operations enter the field each year
and by increases in capacity of existing operations. Economies of scale will
dictate the size of individual operations; the likely sizes being of one and three
million ton capacities. 8ix groups are expected to be in operation by 1985, the
total volume of dry nodules being Processed in that year amounting to 15 million tons.

According to mcst experts, nickel will be the mainstay of the nodule industry.
Copper, cobalt and nickel will be produced jointly, with manganese and several
trade metals probably being produced as by-products from the tailings. As a
guideline for their own planning, nodule miners loock for a combined nickel and
copper content equal to three per cent of the dry weight of nodules. Other metals
will be recovered if the additional costs of processing are covered by the
additional revenues from these metals, which in turn depends on their prices. Thus,
there can be no uniform, industry-wide assumptions about production of other metals.
For example, industry plans vary widely with respect to manganese production, not
only regarding its volume but also its form, i.e. ore, ferromanganese or manganese
metal.

For nickel, a minimum six per cent per annum long-term growth rate is
assumed. In 1972, the share of developing countries in world production of nickel
was only 13 per cent, although this share is expanding rapidly. Production from
nodules might amount to 18 per cent of the total world demand in 1985. This

Ey The assumed timing of entrv ¢ nodule operations is shown in fifrure 5.
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volume of production would depress prices somewhat, but the impact would be lessened
by the pood growth prospects for nickel, and by the fact that develoning producers
account for a small share of the total market. Nickel production from nodules might
cause some high cost laterite projects under consideration to be abandcned, but it
should not have a serious effect on land-based production as a whole.

The world market for copper is huge compared to that for nickel, beins about
14 times the size of the nickel market in 1972. Copper prices rose dramatically
from 1970-19TL, reaching a record level of $US 1.10/1b. in early 19Th. Of the metals
contained in nodules, copper production is the least concentrated among producers.
Tt is expected that the demand for copper will show an annual percentage growth rate
of 4-5% to the end of the century. Production from nodules might supply about 1.3%
of world consumption in 1985 and would displace only 5.5% of the net import
requirements of developed countries by that time. Copper production from nodules is
expected to have a minimum impact on a relatively large, growing and somewhat diffuse
market.

Manganese might be recovered from nodules in two forms, either as pure metal or
as ore-equivalent. More than 90% of the manganese produced is used in the form of
ferromanganese in the manufacture of steel: thus the rate of growth in its
consumption will tend to parallel that of steel production. On the other hand, the
market for manganese metal is relatively small. Metal production from one overation
of one million tons/year in 1985 might amount to twice the volume of projected
demand. Therefore, manganese metal supply from nodules would depress prices.
Devending on the form and volume of manganese recovery from nodules, the export
earnings of developing country producers might drop significantly. However, with
just one exception, developing countries are not dependent upon manganese exports to
a great degree.

Cobalt is a relatively expensive metal with a small market, and its value in
world commodity trade is rather small. By 1985, production from nodules could
account for about half the volume of world output while effecting a dron in price to
about two-thirds of current levels.

The long-term prospects of the nodule industry are tied closely to nickel and
copper. In the long-term, if capacity expansion in sea-bed mining was sufficiently
large to depress the price of nickel to approximately the price of copper, this
would open up some important substitution possibilities of nickel for copper. In
this case, the prospects for the industry might warrant a large second-round
expansion. This scenario is somewhat speculative, and possible only in the absence
of any form of regulation.

Although everyone agrees that nodule resources should be developed in a rational
manner, opinions differ on what specific objectives come under this very general
goal. 1In the Sea-Bed Committee, several policy objectives were proposed and
discussed, in particular: to encourage nodule development so as to enlarge the
world resource base, to minimize the impact of nodule exploitation on developing
countries exporters of minerals, to ensure the participation of developing countries
in sea-bed mining activities, to promote the conservation of nodule resources and to
preserve the marine environment.
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Some of these objectives and the conflicts between them indicate the need for
a trale-off between efficiency and equity, which is one of the fundamental issues
under any form of economic organization. Some would argue that the nodule industry
should be free to operate without restraint, since under conditions of competition
and free entry, the nodule resources would then be developed at minimum cost.
Others contend that unrestricted nodule exploitation would benefit primarily those
countries developing the necessary technology which are also the largest consumers
of minerals; thus many developing countries mineral exporters misht be hurmed by
nodule exploitation.

Two different approaches are examined in the report for balancing the
objectives of efficiency and equity: the compensatory approach, whereby the nodule
industry would be allowed to operate with little or no explicit regulation, but some
form of compensation would be paid to developing countries if they experienced a
loss in export revenues; and the preventive approach, which would involve some form
of direct regulation of the nodule industry by an International Authority. The
second approach only is discussed in detail in the report.

Under a general preventive approach, many specific regulatory formulae would
be possible, depending on what the Authority chooses as the basis of regulation.
The report considers the effects of choosing nickel as the basis for regulation.
Tn this case, the Authority would allow new ventures to come on board and production
from nodules to proceed so as to supply part or all of the increase in demand for
nickel in each year. This type of scheme would recognize the complementarity
between land and marine sources, since production from both sources would be
growing. Tt would also recognize the need of the industry to remain viable, and
since nickel would be one of the main generators of industry revenue, this would be
assured.

Metal production from nodules could, for example, be geared to supplying
between 50 and 100 per cent of the increase in demand for nickel, with possible
additional restrictions on recovery of other component metals, such as manganese.
Assuming that the demand for all these metals would be growing at their long-term
rates by 1985, and the maximum production is authorized, sea-bed mining could make
considerable inroads into the cobalt market, accounting for 66 per cent of world
demand. The share of world demand for nickel supplied by nodules could be
28.6 per cent by 1985, under these assumptions. 1/

Even taking into account a share of revenues for the International Authority,
it appears that nodule mining would still show a financial return commensurate with
that of other investments. On the basis of a wide range of analytical assumptions,
some estimates are contained in the report. If, for example, the Authority were to
take a 50 per cent share of net revenues, the medium estimate of the take from a
single mining operation of 3 million tons/year would be $96 million. This would
still allow the miners a 36 per cent return on total investment after payment of the

I/ Detsiled presentation of hypothetical production from nodules, following
these guidelines, is found in table 8.
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Authority's share. This is more than commensurate with the average return on
investment in mining in the United States which was 10.L4 per cent in 1972. 8/

Vhatever specific form regulation by the sea-bed Authority might take, the
ré7ime must have sufficient flexibility tc adapt its mode of operation to the
chancine conditions of world markets and of the industry itself. Without this
flexibility, the Authority would be severely hampered, and it would be extremely
difficult to ensure that the objectives discussed under the goal of rational
levelopment would be achieved. A more practical problem will be to determine on
which stage of production the take of the Authority wovld be based. If the value
of nodules on board ship were to be used as the base, then the lion's share of the
benafits from the common heritage of mankind would accrue to the producing countries.
Nodules on board ship would represent only 6 to 10 per cent of the value of nodules
after the processing stage. The Authority must be able to capture some of the value
udded by processing, since the siegnificant spinoffs from establishing the processing
plairts vill apain go to the producing countries.

One possible way to tackle the objective of conservation of nodule resources
would be to employ & grid system for demarcating the area of potential mining
operations. Within the grid system, only selected blocks might be auctioned by the
Authority to potential producers in any one year. The take of the Authority might,
for example, consist of two parts: the proceeds from the auction plus a levy on net
or gross revenues. The highest bidder would acquire control over the mine site for
a fixed period which would be long enough to allow him to recoup his investment,
after which the site would be returned, in a specified condition, to the Authority.
Certain blocks would not be auctioned off immediately, but reserved for future use.

The range of possible policy alternatives open to the International Authority
is quite wide. The regulatory options discussed in the report are by no means the
only feasible alternatives. For example, it is not necessary that the Authority
1icense commercial exploitation of nodules by private companies. Alternatively, the
Authority might enter into joint ventures, or it might choose to undertake the
entire operation of sea-bed mining by itself.

In any case, it appears that even after paying the levies of an International
Authority, sea-bed mining will be a commercially prcfitable operation. There are
concrete policy options which can balance the interests of the mineral producing
and consuming nations, and some of these possible options are discussed at length in
the report. It should be emphasized that the pace of change in world economic
affairs - especially in regard to exchange rates, commercial policies and inflation -
can significantly alter the economic picture within a few years. Any form of
international regulation of sea-bed mining must be sufficiently flexible to adapt
itself, its methods and objectives to the changing economic order.

'Y The detailed estimates of revenues per minineg operation of the Authority are
riven in table 11.
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I. REVIEW OF SEA-BED MINING ACTIVITIES 9/

Deep sea-bed mining is a complex, multifaceted undertaking. Exploitation of
nodules may be classified into three broad stages, namely: (1) the search for
nodule deposits, (2) mining, and (3) metallurgical processing. A summary of the
most important steps involved in each stage along with the most recent activities
of companies and other institutions involved in research and development is
pregented below.

1. The search for nodule deposits

In the search for nodules, activities of a scientific character can generally
be distinguished from the stages of exploration and evaluation because of their
different objectives. Together they form a continuum in the accumulation of
knowledge about sea-bed resources needed prior to commencement of commercial mining
operations, and it is difficult to define where the scientific inquiry ends and
thef§§ggefaf gxploration hegins and where this stage ends and evaluation starts.

\

(a) Procedures used

Exploration is the broadly based survey using all available methods: the
search generally begins over a large area and progressively narrows down to sites
with mining potential,JEV In industry circles this stage is generally referred to
as "prospecting". It requires mapping, sampling of surficial and sub-bottom
materials and making geophysical and geochemical measurements, and is best
approached as a phased pyrogramme of increasingly more detailed surveys. 11/

A large array of scientific instruments and devices are required to collect
the necessary data (see figure 1). Exploration vessels must carry sophisticated
positioning equipment (satellite, celestial) and computers to correlate all sample
data and other observations with precise co-ordinates. Acoustic and magnetic
systems are used to obtain geophysical information about the nature of the sea
bottom., The actual search for nodule deposits is made through optical systems such
a3 closed-circuit T.V. and still and movie cameras.

9/ Since no official communication or information on recent sea-bed mining
activities was available, this section was prepared on the basis of publications,
such as journals, technical periodicals and company press releases. Accordingly,
the Secretary~General cannot vouch for the accuracy of all the material covered
in this report.

;g/ United Nations, Report of the Ad Hoc Committee to Study the Peaceful Uses
of the Sea-Bed and the Ocean Floor Beyond the Limits of National Jurisdiction
(A/7230) New York, 1968, p. 25.

11/ See J. E. Flipse, M. A, Dubs, and R. J. Greenwald, "Pre-Production
Manganese Nodule Mining Activities and Requirements", Mineral Resources of the
Dee bed, Hearings of the Subcommittee on Minerals, Materials end Fuels of
the lnyted States Senate on Senate Bill 1134, May-June 1973, pp. 607-61k.
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Figure 1. Offshore exploration of nodules
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The spacing at which samples are taken depends on results obtained, and
generally range from 5 to 50 miles. The devices most commonly used for collecting
samples are the free-fall sampler =zlso called "boomerang', gravitv-corer,
piston-corer and dredge. The free-fall sampler is extensively used by
institutions and industry groups such as Kennecott, Centre national poaur
liexploitation des oceans (CNEXO), Preussag and Global Marine. These frec-fal’
devices grab a small sample of nodules from an area of about 1 square fect. 12/
Corers are used to derive information on the sediments underlying the nodale
deposit. Dredge sampling is used to collect a large volume of nodules ror
metallurgical testing from areas known to contain attractive nodule deposits,

A detailed appraisal follows the discovery and outlining of a potential mine
site. The objective is to provide information upon which to base feasibility
studies. 13/ Recoverable nodule grade and concentration estimates are the kcy
parameters sought in evaluation surveys. The equipment required for evaluation
is similar to that needed for the exploration stage. However, greater attention
must be given to the precise correlation of sample data and other observations
with their geographic location.

(b} Recent activities

Given the difficulty of differentiating in practice between the activities
of exploration and evaluation, they will be described jointly. Most of the major
groups involved in manganese nodule mining investigations have completed the
exploration stage and are aware of a number of potential manganese nodule mining
sites. l&/ Some groups are believed to have virtually completed the evaluation
stage.

Deepsea Ventures has carried out 33 cruises in the Pacific with the R/V
Prospector in three and a half years of work at sea. Kennecott Copper sponsored
exploration cruises before initiating its own surveys in 1967. 15/ The company
has dredged about 250 tons of nodules for processing research. Global Marine has
been conducting nodule surveys on behalf of Summa Corporation. International
Nickel has undertaken several cruises in recent years using chartered vessels.

12/ The operation cycle of these devices is approximately three hours. Tt is
reported in French and German expeditions that up to 10 per cent of the devices
may be lost during a cruise. W. Kollwentz, "Exploration Methods and Techniques -
Experiences with R. V. Valdivia", in Meerestechnik, December 1973, p. 192.

13/ United Nations, Mineral Resources Development with Particular Reference to
the Developing Countries (E.70.I1.B.3), New York, 1970, pp. 3-5.

14/ A. J. Rothstein and R. Kaufman, "The Approaching Maturity of Deep Ocean
Mining - The Pace Quickens", in Offshcre Technology Conference Preprints 1973,

vol. I, pp. 323-3hb.

lé/ Kennecott Management Communication, vol. 2, No. 10, November 1970, p. 1.
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The West German Arbeitsgemeinschaft Meerestechnischgewinnbare Rohstoffe (AMR)
group has carried out a rumber of cruises in the Pacific since 1971. This group
chartered for two years Deepsea Venture's R/V Prospector and has been using since
1972 the well-equipped R/V Valdivia (see figure 1). The AMR group plans five
expeditions south-east of Hawaii in 1974. CNEXO of France, in association with
Le Nickel, has undertaken surveys in the South Pacific since 1970. CNEXO has
established an oceanographic centre in Tahiti which supports its extensive nodule
programme in the genersl vicinity of French Polynesia. 16/

The Sumitomo - DOMA (Deep Ocean Minerals Association) group has carried out
extensive nodule surveys in the Pacific and has dredged nodule tonnage for
processing research. DOMA, which is made up of 27 leading Japanese companies,
completed an advanced vessel specifically designed for sea-bed resource exploration.
The Soviet Union has conducted several cruises using the R/V Vityaz and has
reported a number of interesting nodule grades from the South Pacific. 17/

2. Nodule mining technology

The mining systems under development comprise four major components: the
mining/loading head; materials elevation/hoisting system; surface facility; and
product transportation to shore plant. A schematic presentation of the major
components of deep-ocean mining systems is given in figure 2.

(a) Nodule collection

Several forms of nodule gathering apparatus are under development. The
dredge variety currently is thought to have the best potential for use in
commercial production. Typically the dredge incorporates a sizing system to
pick up nodules within a certain size range while excluding very large pieces as
well as fine bottom silt. It is usually sufficient to drag the dredge head across
the ocean floor to loosen the nodules from the substratum. The mining equipment
must be kept as mechanically simple as possible to minimize maintenance. One
problem encountered, however, is the construction and operation of the very wide
dredge head needed to collect the desired volume of nodules per hour (200 to 400
tons). The large dredge size is required because of the relatively low nodule
concentration at the sea floor (1.5 to 5 1b/sq. ft.) and the maximum practical
speed for operation of the system (1 to 3 knots).

Three miner/loaders are shown in figure 3. The Deepsea Ventures and the
AMR are both airlift systems with mining heads of the towed dredges type. The
bottom crawler has a tracked drum for nodule pick-up. 1@/

16/ CNEXO annual report, Paris, 1972.

17/ N. S. Skornyakova and P. F. Andrushchenko, "Iron Manganese Nodules From
the Central Part of the South Pacific", Oceanology, vol. 8, No. 5, 1968,
pp. 692-T0L.

18/ G. W. Sheary and J. E. Steele, "Mechanical Deep Sea Nodule Harvester",
United States Patent 3,480,326, 25 November 1969.
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F..ure 2. Components of nodule mining system

6%000

MINERS MATERIALS s%%%%ds PRODUCT
LOADERS ELEVATION 2ERVILE IRAISPORTATI QN
— — FACILITY
CONT I HUOUS
DREDGE
—_— SPAR BUOY
SELF-PROPILLED HY DRY BULK
BUOYANT DROLIFT CARRIER
DRUN ALRLIFT - .
> >1p LATFORH S LRRY

TRAZKIL ROLLER LIGHT-MEDIA R

ADES AMD RIDEZ: g
BLADES AME ®IDIR L”'T BARGE
ROTAT ING ARM
TRUSS SWEE? CONT INUOUS LiMNE] )
V-SUIZP — BUCKET
GATHERING ARM

BATCH
—>IW 1 RELINE —
— :
TOWMED ORECSE >ISUOYANT HOPPER L HINIHG SHIP SPHINING SHIP
o




(b) Materials elevation

Another critical factor in nodule mining is the materials elevatien/hoisting
system. Continuous systems can be based on: air lift, hydrolift (hydraulic
hoisting), light-media 1ift and mechanical 1lift such as the CLB system. Batch
systems include wireline dredging which, although useful for collecting tonnage
samples, is not regarded as an economic large-scale production system due to its
high cost when used at great depths. A bouyant hopper (submersible hopper)
system has been proposed. 19/20/ Whether this system is being developed for
materials elevation is not known, although the concept is somewhat akin to the
Summe. Corporation barge. 21/

An air-1lift is technically a three phase flow - air, nodules, and water.
Compressed air is injected into the main pipe at various water depths to sustain
the lifting action. Deepsea Ventures successfully tested an airlift device in
2,500 feet of water over the Blake Plateau in 1970. On 6 May 1974, Tenneco, Inc.
announced the formation of a new consortium with three Japanese companies:
Nichimen Co. Ltd., C. Itoh and Co. Ltd., and Kanematsu-Gosho Ltd. An additional
European partner will be anncunced shortly. The five companies will have an
equal equity participation in Deepsea Ventures. They will invest about
$US 20 million over the next three years to test mining and processing systems
and to evaluate an ore body in the Pacific Ocean.

A hydrolift is technically a two-phase flow - nodules and water. The pump
can be located close to the bottom or at an intermediate depth 22/ (see figure 3)
The Technology for hydraulic and hydrolift pumping is well-developed and is used,
for instance, in the coal industry. But working at such depths and 1ifting such
volumes as required in nodule mining represent giant steps beyond current
capability. The hydrolift technique seems to be favoured by Kennecott, 23/ which
has recently announced the formation of a multinational group including, in
addition to Kennecott (50 per cent equity), Rio-Tinto Zinc (20 per cent) and Gold
Fields (10 per cent) of the United Kingdom, Norande Mines (10 per cent) of Canada
and Mitsubishi Corp. (10 per cent) of Japan. They announced plans for a large-
scale mining test as part of a $US 50 million, five~year mining and processing
development programme. 24/

19/ G. W. Lehmann, "Submersible Mining, Lifting, and Towing Barge', United
States Patent No. 3,220,372, 30 November 1965.

20/ J. C. Wenzel, "Systems - Development Planning", chapter in Ocean
Engineering, Brahtz, J. F. (editor), J. Wiley, 1968, p. 110.

21/ Business Week, 16 June 1973, pp. 47, 50.

22/ J. L. Mero, "Dredge Underwater Pick-Up Head Assembly", United States
Patent No. 3,226,854, 4 January 1966.

23/ c. R. Tinsley, "In Search for Commercial Nodules, 0dds Look Best in
Miocene-Age Pacific Tertiary System", Engineering and Mining Journal, June 1973,
pp. 11k-116.

24/ Metals Week, 4 February 1974, p. 6.
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Figure 3. Artist's conception of the likely operation of three
systems proposed for mining nodules
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The Hughes system is thought to operate on the hydrolift principle. The
major components of the system are the 36,000-ton Hughes Glomar Explorer and a
sea floor mining vehicle which is connected to the ship by a string of 16-inch
pipe and an umbilical cable that supplies electric power and control circuits.
A large submersible barge plays a key role in the system. The mining vehicle
is too large and heavy to be handled by the ship's gear in a conventional manner
and must be installed from beneath the ship. The unit is loaded onto the
submersible barge which meets the ship in calm waters of a specified depth. There,
the barge submerges and the docking legs of the ship engage the mining vehicle
which is then connected to pipestring lowered from the ship's rugged derrick. 25/
The Hughes ship (figure 5) left the west coast of the United States in January 197L
to join the barge for tests off Baja California. 26/ Actual mlnlng on a pilot scale
may begin in late 1974 or early 1975.

The CLB system uses a continuous polypropelene braided rope with dredge
buckets attached. At the top, the loop is wound through traction motors while
the bottom part of the loop drags along the ocean bottom. The CLB system was
tested off Tahiti in August 1970. 27/A later CLB test in August/September 1972
recovered seven tons of nodules off Hawaii. 28/ Several participants of the CLB
consortium under the leadership of CNEXO of France, are contlnulng work on a
modification of the CLB, u9/ which would use two ships working in tandem (see
figure 4); the main components of this modified system are expected to be ready for
tests in 19Th. 30/ Sumitomo is developing continuous ship handling equipment for
the dredge baskets and is also doing additional research in the operation of the
CLB system. The participants of the CLB consortium met in Houston, Texas, in
early May 1974 to plan the financing and construction of the modified two ship
system, which is expected to be ready for tests in late 1975. The system will be
built in France by Ateliers et Chantiers de Bretagne. 31/

The Sumitomo group, in co-operation with MITI is now proposing a large-scale
manganese nodule venture with possible commercial operations by 1980. 32/
Sumitomo would probably use the CLB mining technique.

25/ "Hughes Glomar Explorer begins sea tests of mining systems”, Ocean Industry,
March 1974, pp. 32-3k.

26/ Ocean Science News, 11 January 197k, p. 1.

27/ Y. Masuda, M. J. Cruickshank and J. L. Mero, "Continuous Bucket-Line
Dredging at 12,000 Feet", Offshore Technology Conference, 1971, Paper No. 1410.

28/ Mining Magazine, January 1973, p. 7.

29/ CNEXO, Annual Report, 1972, Paris.

30/ CNEXO, Bulletin d'Information, No. 61, January 19Tk, p. 5.
31/ Ivid.

32/ Metals Week, 11 June 1973, p. 2.
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(c) Surface vessel

The so-called first generation mining systems are likely to use the mining
ship itself as the surface platform. Tug assistance may be used for directional
movement in some systems. A pipe system for nodule lifting will vequire &
derrick on board ship. Alternatives to a mine ship are a spar buoy or a
semi-submersible platform. A spar buoy is a long cigar-shaped semi-submersible
which when tilted on one end creates a small but highly stable working platform
on its other end. §§/ Semi-submersible floating platforms are extensively used
in the off-shore oil industry for work in deeper waters (figure 3). Both the
spar buoy and the semi-submersibles, however, have a poor capability for lateral
movement.

The first generation of mining ships will do minimal processing at sea -
perhaps crushing and/or drying the nodules - and the nodules will be transported
in bulk by the mining ship itself (particularly a CLB mining ship 34/) or
transferred st sea to a dry or bulk carrier.

3. Metallurgical processing

Nodules have a complex microscopic structure and are composed of fine-greined
oxide material. 35/ They can vary widely in chemical and physical properties
according to location, e.g. Blake Plateau nodules from the Atlantic are high in
calcium, whereas those from the North Pacific are more siliceous. As a result,
processing technology and costs for one type of nodule may not apply elsewhere.

Kennecott, Deepsea Ventures and Inco are expected to have completed nodule
processing research. §§/ Other groups - Summa Corp., AMR, DOMA - are fairly
advanced in their process development programmes. Kennecott has operated a
half-ton per day pilot plant for over a year. Inco has been carrying out
laboratory tests at its Sudbury plant in Canadae. Deepsea Ventures has completed
a phase of its tests in a one-ton per day pilot plant and plans to build a
larger pilot plant, possibly in 197L.

The two basic approaches to nodule processing can be classified as
pyrometallurgical and hydrcretallurgical, the latter based on chloride, ammonia or
sulfur oxide reaction. Some of these processes are considered technically possible,
but not necessarily economically feasible. Heavy emphasis is being placed on the
development of hydrometallurgical nodule processing systems.

33/ D. M. Taylor, "New Concepts in Offshore Production", Ocean Industry,
February 1969, pp. 66-T0.

34/ J. L. Mero, "Recent Concepts in Undersea Mining", American Mining Congress,
1971 Mining Show, Las Vegas, Nevada, 4 August 1971.

35/ P. H. Cardwell, "Extractive Metallurgy of Ocean Nodules", Mining Congress
Journal, November 1973, pp. 38-43.

36/ Metals Week, 21 January 197k, p. 10.
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le, Government activities

Government activity can taske several forms, such as in particular: (1) direct
sponsorship or funding of research and development; (2) direct venture in mining
or processing; and (3) indirect sponsorship through use of government facilities,
taxation advantages, or university aid. A brief review of the activities reported
in recent years is given below. 37/

Australia's Bureau of Mineral Resources used the Navy vessel R/V Diamantina
to dredge for nodules along a 200-mile stretch of the 39th parallel in June 1972.
In New Zealand, the Department of Scientific and Industrial Research is giving
increasing emphasis to studies on the distribution and chemical composition of
menganese nodules and coatings. 38/

In France, CNEXO has been conducting extensive exploration for nodules and
is sponsoring engineering research for a modification of the CLB mining system. 39/
Research on nodule processing is being done by the French Atomic Energy Commission.

The Japanese Government has been very active in the sponsorship of exploration
programmes and development of mining and metallurgical processing. Its Science
and Technology Agency subsidized Sumitomo Shoji and Sumitomo Shipbuilding and
Machinery to conduct tests of a small-scale CLB system in 1968. 40/ MITI subsidized
the Sumitomo group in 1970 to carry out research El/and conduct a 1/10-scale CLB
test off Tahiti. L2/ MITI again subsidized Sumitomo in 1971 to develop
automatically detachable buckets for the CLB. EQ/ In mid-1972, the Industrial
Science and Technology Agency gave a subsidy to Sumitomo Metal Mining to assist
the construction of a $106,000 test plant which would be partially used to
conduct research and development on nodules processing. EE/

37/ See also United Nations "Sea-bed mineral resources: recent developments”,
document A/AC.138/90, July 1973.

38/ ECAFE, Report of the Committee for Co-ordination of Joint Prospecting for
Mineral Resources in South Pacific Off-shore Areas (CCOP/SOPAC), first session,
7-13 November 1972 (E/CN.11/L.343), p. 3%.

39/ CNEXO annual report, Paris, 1972.

40/ Sumitomo Shoji Kaisha, "Historical Review of Menganese Nodule Development
by the Sumitomo Group", 25 September 1972.

L1/ J. E. Flipse, M. A. Dubs and R. J. Greenwald, op. cit., pp. 602-700.

Eg/ Y. Masuda, "Development Work to Deep Sea Resources of Manganese Nodule
Using Continuous Line Bucket System (CLB) by Japanese Group and its Future". 2nd
International Ocean Development Conference Preprints, Tokyo, 5-T7 October 1972.

43/ Sumitomo Shoji Kaisha, op. cit.
4L/ Japan Metal Journal, 26 June 1972, p. 8.
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Governmental participation will increase with MITI's proposed creation of
a large semi-public venture for nodule mining and processing called Deep Ocean
Mining Association (DOMA). TFunds would be allocated by industry and Government
starting in 1976 or 1977. 45/ MITI has subsidized the construction of a
sophisticated new vessel which should be ready to conduct manganese nodule
surveys by mid-197k.

In the United Kingdom, the Department of Trade and Industry has offered
financial support of up to $US 1.8 million to Rio Tinto Zinc and Consclidated
Gold Fields, which are two British members of the recently created - five company
Kennecott group. These funds would be repaid if the project proves commercial.
These companies have, in turn, agreed that British firms would have first call on
their 30 per cent share of the metals to be produced by the Kennecott group. EQ/

In the United States, government activity in nodule research has been carried
out by the United States Bureau of Mines, the United States Geological Survey and
by the National Oceanic and Atmospheric Agency (NOAA). However, the only federal
research centre dealing solely with marine minerals was closed by NOAA in
March 1973. The United States Geological Survey maintains an active nodule
programme. The United States National Science Foundation is sponsoring a
$500,000 a year interuniversity programme under the auspices of the International
Decade of Ccean Exploration. The money is being spent primarily in studying
the origins and chemistry of the nodules. The programme's financial commitment
is due to be expanded to $1 million/annum in the second phase. The University
of Hawaii will receive some United States government support for nodule
exploration and environmental impact surveys in 19T7k4.

The Soviet Union has been actively engaged in nodule research and prospecting
since the early 1950s. Large numbers of photos and samples of nodules have
been obtained. 47/ A Marine Geological Prospecting Board was formed in early 1971
to promote better co-ordination of activities in marine minerals. A COMECON
meeting in Riga discussed geological prospecting and greater use of ocean
resources. 48/

The Government of the Federal Republic of Germany granted support for a

Preussag-Metallgesellschaft joint venture to study and explore for nodules in 1969.

In 1970 and 1971 the Government provided funds to charter Deepsea Ventures'
R/V Prospector for Pacific nodule exploration cruises. Private firms converted

L5/ Metals Week, 15 January 1973, p. 9.
L6/ Metals Week, 4 February 197k, p. 6.

47/ N. S. Skornyakova and P. F. Andrushchenko, "Iron Manganese Nodules form
the Central Part of the South Pacific", Oceanology, vol. 8, No. 5, 1968,
pp. 692-T01.

48/ New York Times, 24 April 1971, "Soviet Bloc Plans Big Sea-Bed Study".

/oo
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a stern trawler to the deep-ocean exploration vessel R/V Valdivia, which is now
used for nodule surveys. The West German Federal Ministry for Education and-
Science has chartered this ship for four years, thus providing substantial support
for a comprehensive nodule survey programme. It is reported that a sister ship

is being built with the help of a government subsidy. Lo/

The AMR group - Preussag, Metallgesellschaft, Salzgitter and Rheinbraun - has
received a $US 3 million subsidy for a feasibility study on the mining of
manganese nodules. 50/ The AMR group is spending about $3.1 million a year on
nodule research and development with $700,000 annually coming from the Bonn
Government. 51/

Tonga, Western Samoa and Fiji have shown great interest in locating commercial
grade nodule deposits close to their shores. The United Nations Economic Commission
tor Asia and the Far East (ECAFE), through its Committee for Co-ordination of
Joint Frospecting for Mineral Resources in South Pacific Offshore Areas, is
sponsoring two nodule survey projects in this area. 52/

5. Proposals for government legislation

A bill before the United States Congress, usually referred to as §.2801
(now S.1134) has been the subject of hearings before the Subcommittee on Minerals,
Materials and Fuels of the United States Senate Committee on Interior and Insular
Affairs. The bill basically provides for the United States Secretary of the
Tnterior to register deep-ocean mining leases of 40,000 sq.km on a first-in-time,
first-in-right basis. The 15 year lease could be held for a total expenditure of
$US 6.2 million. Three-~quarters of the lease would be relinquished within 10 years
of the issue date or at the start of commercial production. An escrow fund
established from a portion of United States taxes would be distributed to certain
"reciprocating" developing States designated by the President. The bill would also
give protection, to licensed United States companies, against possible adverse
effects on their financial position that might be brought about by regulations of
an international régime. The United States Government would indemnify such losses
to licensed operators under this "interim" legislation until the fortieth
anniversary of the issuance of the licence. 53/

49/ p. R. Horn, B. M. Horn and M. N. Delach, "Ocean Mangenese Nodules Metal
Values and Mining Sites", Technical Report No. 4, International Decade of Ocean
Exploration, N. S. F. Washington, D. C., 1973.

50/ Metals Week, 18 December 1972, p. 3.
51/ Metals Week, 12 March 1973, p. 10.

52/ Project (CCSP-1/TG.1) "Seabed investigations for manganese nodules on the
deep submarine shelf on east side of Tonga platform"; and Project (CCsP-1/WS.2)
"Seabed investigations for manganese nodules in oceanic areas surrounding
Western Samoa"; see ECAFE (document E/CN.11/L.343) op. cit., pp. 33-38.

53/ Senate Hearings, op. cit.
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IT. THE PROBABLE IMPACT OF NODULE MINING

1. Forecasting future producticn of metals from nodules: the problems involved

The accuracy of a forecast is far less dependent on the complexity of the
mathematical model used than on the quantification of the major parameters and
the assumptions regarding their behaviour. It is important, therefore, to stress
the uncertainties involved in trying to forecast the probable production of metals
from nodules, which in itself is the first step in any attempt to assess the future
impact of the nodule industry on world market in general and on the mineral
exports of the developing countries in particular.

At the risk of stating the obvious, it must be recalled that the "nodule
industry"” is not yet an ongoing reality. On the contrary, nodule mining
technology and metallurgical processing are still in the developmental stage.
Considerable uncertainties therefore becloud any estimates of performance by the
future industry.

It is natural that officials of firms developing nodule systems should be
optimistic about the future. Indeed all available information tends to confirm
the industry contention that nodule mining will be a very profitable
proposition (see section III.5.b, below). On the other hand, one should not
minimize the potential hazards involved in the continuous operation of mine ships
in the high seas with sophisticated equipment for gathering and lifting nodules
from abcut 5,000 metres water depth. The vagaries of the weather at the surface,
resistance of materials subject to the high pressures and corrosion of the water
column, topographic hazards at the sea-floor, the logisties of maintaining a large
crew out at sea for an extended time, are some of the factors that will bear on
the operational results of nodule mining once it starts on a commercial scale.

It remains to be seen how attractive the economic returns of the industry will
actualiy turn out to be.

2. The probable scenario for the next decade

Considering the problems involved in forecasting future production of metals
from nodules, the projections presented in this section must be interpreted as
orders of magnitude, based on the best information available. In order to
facilitate the periodic revision of these projections, their underlying
assumptions are explained below.

(a) The methodology used

Estimates of metal production from nodules are attempted for the arbitrarily
selected decade 1976-1985. For the purpose of these projections, it is assumed
that an internationally agreed régime would come provisionally into force by 1976,
thus providing the legal framework enabling the interested companies and groups to
go ahead with their nodule programmes. The projections are based on an evaluation
of the probable time that it is likely to take for the various groups to conclude
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successfully all activities in their implementation programmes and start
commercial production. Assumptions are made regarding metal production per ton
of. dry nodules, size of projects and the schedule of start-up operations. EE/

(i) Metal production per ton of nodules

Metal output per ton of dry 55/ nodules is a function of nodule grade and of
metallurgical recovery. The figures used are a combination of data: information
made public by industry officials; published scientific data; and information
provided directly by geologists and other officials associated with the industry.

Some Buropean and American geologists working for the nodule industry have
suggested that their companies' targets to identify ore bodies containing over
3 per cent combined nickel and copper have already been met. Metal recovery
depends on the metallurgical process adopted, but it seems that the industry
might obtain a 95 per cent yield on the recovered metals. 56/ The preliminary
assumptions made on the grade of ore-bodies likely to be exploited by the first
generation of nodule miners and metal production, including the recovery of
several trace metals (molybdenum, vanadium, zinc, silver, ete.), 57/ are summarized
in table 1.

54/ Implicit in all these assumptions is that costs of metals produced from
nodules will be competitive with alternative land sources of these metals.

55/ Since most metallurgical processes under consideration require the prior
drying of nodules, plant capacity is generally referred to in terms of dry
nodules. On the other hand, the capacity of mining systems is expressed in terms of
wet nodules, since water accounts for about one third of the weight of wet
nodules.

56/ "Studies to date indicate the practicalitcy of process yields of
98 per cent plus purity manganese, nickel, cobalt and metallic copper."
R. Kaufman and A. J. Rothstein, "Recent Developments in Deep Ocean Mining", in
6th Annual Preprints of Marine Technology Society, 29 June-1 July 1970,
Washington, D.C. Tt is possible that some metallurgical processes will yield
lower recovery rates than 95 per cent. These processes, requiring much lower total
investments, are designed to optimize return on investment and not metal recovery.

57/ Deepsea Ventures, Inc., "Pilot plant operation of a process to produce
metals from mangenese nodules", mimeograph; and Undersea Technology, April 1973,
pp. 26-27.
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Table 1. Estimated metal production per million tons of
high grade nodules (metric tons)

Approximate
Metal production per

Metal content per weight million tons of

Metal of dry nodules dry nodules#* g5/
‘langanese {if recovered) oL4 230,000 tons
Mickel 1.6% - 15,000 tons
Copper 1.42 13,000 tons_
Cobalt 0.21% 2,000 tons
Cther metals 0.3% 2,500 tons

¥ Assuming 95 ver cent metallurgical recovery except for trace metals
where an 80 per cent rate is assumed.

a/ The estimated mctal production from nodules used in the recent UNCTAD
report (TD/B/483) ur- different: they werc based on data from a previous
United FJations publication (A/AC.138/36) of 1971.

These estimated volures of production are confirmed by separate company
statements. The volume of nickel and copper coincide with the estimates of
Kennecott Copper, Inc. éﬁ/ The volumes of manganese, cobalt and trace metal
recovery are the firures indicated by Deepsea Ventures, 59/ which some experts
thirk to be on the low side.

58/ Marne Dubs, Director of the Ocean Resources Department of Kennecott stated
that One such /nodule/ plant of 3 million /ton/ size might produce on the order
of 100 million pounds per year of nickel and 85 million pounds of copper along with
other products mentioned". (This would amount to 15,150 tons of nickel and
12,880 tons of copper for each 1 million tons of nodules.) Mineral Resources of
the Deep Seabed, hearings before the Sub-committee on Minerals, Materials and
Fuels on $.113k. 17 May 1973, p. 109.

59/ Statement by Mr. N. W. Freeman, Chairman of the Boards of Tenneco, Inc. and
Deepsea Ventures, Inc. before hearing on Senate Bill 2801, of the Sub-committee
on Minerals, Materials and Fuels of the United States Senate, on 2 June 1972.
Mr. Freeman indicated that the expected metal output from a production unit of
1 million tons of dry nodules per year would be:

Manganese - 230,000 metric tons
Nickel ~ 11,400 metric tons
Copper - 9,100 metric tons
Cobalt -~ 2,000 metric tons
Other metals - 2,500 metric tons

(including molybderrss, vanadium, zinc and silver)
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(ii) Size of operations

Like most mining and metallurgical operations, nodule systems are subject to
congiderable economies of scale. Decisions regarding the size of the total system
are based on market considerations and the size relationship between the mining
and processing stages.

It is known, for instance, that economies of scale are much stronger at the
stage of processing. As a result, unit costs are probably still decreasing for
plant sizes of 3 to b million tons of dry nodules per year. On the other hand,
it seems that mining rigs, of the hydraulic lift type, reach their optimum size
at a capacity of between 5,000 to 10,000 tons of wet nodules per day, which is
equivalent to 1-2 million tons of dry nodules per year. It may be expected,
therefore, that most nodule systems will be designed to process 3 to 4 million tonms
of .dry nodules per year with the use of 2 or 3 mining rigs. Deepsea Ventures is
planning to recover manganese in metal form, the world market for which is rather
small, and envisages a plant of 1 million tons of ncdules per year.

The projections of this report assume that nodule systems until 1985 will be
of two sizes: 1 million tons/year and 3 million tons/year. §Q/ This assumption is
in fact an extension of the situation of American companies to companies and groups
in other countries. 61/

(iii) Entry of new nodule operations

The timing question is likely to prove one of the most speculative in the
projections equation. A multitude of factors can affect the entry of new nodule
operations, more likely postponing the start of commercial production to a later
date. Consequently, the timing schedule, compiled for the six companies (Figure 6)
or groups known to be most advanced in developing nodule systems, could be taken
as a rather optimistic assumption that no majJor problems would unduly delay the
plans of the industry.

The time-table was derived from an assessment of companies' stated plans and
an evaluation of the most probable time for implementation of construction
facilities for those companies or groups that have not publicized their

ég/ Tt must be understood that these figures are mere approximations in the
absence of extensive tests of large-scale mining rigs.

61/ "American mining companies at present are considering production rates
of about 1 to 3 million tons of manganese nodules per year.", Leigh S. Ratiner,

op. cit., p. 27.

/..
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Figure 6. Forecast of entries into nodule mining: 1976-1985}-/
(in million metric tons of dry nodules)
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1/ 1In UNCTAD reports TD/B/LL9.Add.1 and TD/B/L83 different assumptions
were used with alternate entry schedules, some starting as early o5 197k,
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intentions. §§/ Some projects are assumed to start operating at full capacity.
This would heppen as a result of the implementation schedule of these projects:
the decision to build the processing plant would have to await the successful
testing of large-scale mining systems. Once the mining tests are concluded and
the "go-ahead" is given for plant construction, some 2 to 3 years would elapse
before metal production could start. In the meanwhile the original mine equipment
would in all likelihood be used for mining nodules which would be stockpiled
until processing could start. If it is assumed that a second mine ship might be
commissioned around the time the processing plant starts operation, the - .

3 million ton/year projects could commence production at full capacity. For the
sake of simplicity it is assumed that output will be equal to a mining rig's total
annual capacity, even in the first year of operation.

The timing of entry might be affected by the degree of control over the pace
of nodule mining that may be exercised by the international authority, in particular
for the first few operations. The assumptions on timing of entry made in
figure 6 are based on the absence of controls. If powers such as control over
the pace of exploitation are exercised by the authority, a delay of perhaps one
or two years might occur for the projects assumed to enter into operation up to
1981, though the total tonnage of nodules that is likely to be mined by 1985 would
probably be unaffected if the control scheme were established along the lines
discussed in section III.3 below. The global figure of 15 million tons of nodules
likely to be mined by 1985 is therefore more meaningful than the precise timing
of individual entries in the intervening period.

(b) Forecasting probable metal recovery from nodules by 1985

Based on the assumptions developed in the previous section, a forecast of
metal production from nodules in 1985 becomes a straightforward exercise. It
would amount to a multiplication of the estimated metal recovery per ton of
dry nodules by 15 million tons. Considering however, that only two companies or
groups have indicated their intention to recover manganese from nodules, the
calculation for this metal will instead be based on 4 million tons.

It should be stressed that the estimates for production of manganese, as well
as cobalt and other minor metals have a lower degree of confidence than the
estimates for nickel and copper.

gg/ The implementation of a project requires the successful completion of work
in a number of stages. Many activities can only start once some preceding
activities are completed. From the time a decision is reached to go ahead with a
nodule project, it would probably take some three years of accelerated construction
work before commercial mining and processing could start. But the implementation
stage presupposes the resolution of a number of questions, such as: (1) the
general legal framework relating to commercial operations in the international
area; (2) obtaining exclusive rights for exploitation of the desired mine site; and
(3) approval of the financing scheme for the whole project. The resolution of the
financial question in turn, would require considerable prior progress in nodule
exploration and equipment development programmes.
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Table 2. Estimated metal production from nodules in 1985 a/

Estimated production

Metal (in metric tons)
Manganese 920,000
Nickel 220,000
Copper 200,000
Cobalt 30,000
Others ’ 38,000

Source: Data from table 1 and figure 6 (except manganese, for which recovery
is assumed from only 4 million tons of nodules).

a/ See foot-note to table 1.

The latter two metals will constitute the mainstay of the nodule industry;
thus the effort o locate attractive mine sites is directed primarily at the
nickel and copper content of the nodules. The content of manganese, cobalt and
trace metals is probably of secondary importance except for nodules that contain
heavy metals of the platinum group. 63/ Cobalt and the minor metals occur in
varying quantities in nodules. It is known, for instance, that in some areas in
the vicinity of French territories of the South Pacific extensive deposits are
found with high cobalt content (above 1.5 per cent). Considering the low average
cobalt content assumed for these projections (0.21 per cent), it is quite possible
that the actual tonnage of cobalt output may be considerably greater than the
30,000 tons projected for 1985. Similar considerations are applicable. to other
minor metals.

A wide range of variance can also be expected in the total recovery of
manganese from nodules. Only one firm in the United States has publicly affirmed
its intention to produce manganese metal from 1 million tons of nodules. In
Japan, research in nodule metallurgy is directed at finding an economic process
to recover manganese. While it is possible that only the American firm will be
producing manganese from nodules by 1985, it is also conceivable that advances
in process research might make it possible for three or more ventures to recover
manganese by that date., Hence, the uncertainty attached to the projected figure
of 920,000 tons of manganese production by 1985.

é}/ The recently reported occurrence of heavy metals of the platinum group in
gome manganese nodules could be very significant since the value of the trade
elements of the platinum group might substantially exceed the value of copper,
nickel and cobalt contained in nodules, ECAFE/CCOP, op. cit.,

(E/CN.11/1.343), p. ke,

/...
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3. The likely impact of nodule mining

An attempt to assess the likely impact of sea-bed mining, on world markets and
on the exvorts of developing countries, requires in addition to the forecast of
metal production from nodules, a forecast of metal production from traditional
sources as well as a projection of demand for these metals. From the interaction
of these variables it should be possible to assess the likely effect on prices of
these metals. Demand and supply, however, are in turn dependent on prices. A
rather complex econometric model would be required to indicate the likely impact
of nodule mining on prices, and vice-versa, of prices on nodule mining and on
traditional land-based mining. Given the uncertainties involving the major
variables projected over a 1l0-year span, a similar approach is used in this report.

The degree of market penetration is used to provide a first approximstion of
the impact of nodule mining., The procedure involved is to estimate the share of
the market for each metal which is likely to be supplied by the nodule industry.
Based on the degree of market penetration it is possible to evaluate the probable
influence on metal prices and to assess the implications for mineral exports
of developing countries.

This approach amounts to treating the supply of metals from nodules as an
independent variable. Such a method is acceptable if it is assumed that nodule
mining will remain profitable throughout the period, and if the joint product
and by-product nature of the nodule industry 6L/ is taken into account. Considering
the drawbacks of alternative methods, the market penetration approach would seem
to provide a useful first approximation to the magnitude of the problems
involved. 65/

éﬁ/ The most fundamental fact sbout the economics of nodules is the
joint-prniuct and by-product nature of the industry. WNodule processing will result
in the simultaneous production of a number of minerals. Depending on the particular
metallurgical process used, some minerals will constitute the primary output of
the process (joint-products), while other minerals mZy also be recovered if
additional stages of processing are included in the plant design (by-products).
The minor metals in nodules, such as molybdenum, vanadium, zinc, silver and others,
could either be produced as Jjoint-products or as by-products. In most processes
under consideration manganese could be recovered ag a by-product., This distinction
is jmportant in that by-product recovery must consider only the additional
(marginal) cost involved in the subsequent processing of the tailings disregarding
all other previous costs such as mining, transportation, and initial stages of
processing. By-product recovery will only be undertaken if the additional revenue
derived from the sale of these products is greater than the additional costs
involved in the subseguent processing needed, after the major minerals are
recovered.

€5, Refinements to this approach might warrant additional studies.
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(a) Nickel

The most important uses of nickel are in the manufacture of stainless steel,
alloys, and for electroplating. Wickel imparts certain properties to alloys,
such as increase in strength and resistance to corrosion, that cannot be
economically obtained by other means. New steels and alloys are constantly being
developed. Over LO per cent of nickel consumption is in the manufacture of
stainless steel, the market for which has very good prospects for future growth. éé/
Nickel also has many other minor uses and its application is constantly increasing.
World-wide consumption increased at the average rate of 6.5 per cent compounded
annually from 1947 to 1970. A number of factors combined to make for a drop in
cemand in 1971, but the market has recovered since then and future prospects are
for a minimum rate of 6 per cent long-term growth.

Suprly is highly concentrated in a few industrial countries. Canada's
dominant position, however, has been declining from some 94 per cent of the
total mined in market economy countries in 1950 to T3 per cent in 1960 and
~oproximately 58 per cent in 1970. Just three countries, Canada., France (New
_2ledonia) and the Soviet Union, accounted for Tk per cent of world mine A
production in 1972. Production of developing countries has been increasing but
still accounted for less than 13 per cent of the world total by 1972,

For the purpose of evaluating the probable impact of nodule mining, a number
of assumptions were made: (1) demand will increase at a cumulative annual rate
of € ver cent until 1985; (2) the share of developing countries in world mine
production will increase to 20 per cent (13 per cent in 1972); 67/ (3) metal
oroduction from nodules plus smelter production from land ores will equal total
consumption; (4) smelter production will represent, as in 1972, 94 per cent of
the tonnage of land ores.

On the basis of these assumptions, it is estimated that production from
nodules might account for about 18 per cent of total demand by 1985, This
substantial market penetration may tend to depress nickel prices somewhat. Some
high-cost laterite trojects under consideration might be abandoned, but for the
most part traditional producers are not likely to be seriously affected. In
fact, production from land sources would need to increase by some 70 per cent
from the level of 1972 mine production, in order to meet world demand.. Most of
this increase, however, would be required before 1980; from that time on almost
all additional increases in demand would be satisfied by the nodule industry.
In view of the mounting environmental difficulties with resulting rising costs
in industrial countries and the various projects under consideration in
developing countries, it is possible that the share of mine production from
jeveloping countries in 1985 will in fact be larger than 20 per cent.

€7/ In particular in the auto industry, pollution control equipnment
desalination plants, chemical industry, petroleum refining, liquefied gas industry
and several ocean-related industries.

£7/ A comprehensive survey of planned mine capacity is not available,
Considering, however, the large projects under construction or in the planning stage
in the Philippines, Indonesia, Guatemala, Dominican Republic, Colombia, Venezuela,
Brazil, Eotswana and Burundi, it is reasonable to expect that the share of mine
rroduction from developing countries by 1985 is likely to account for at least
20 per cent of the world total. /...
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Table 3. Estimated market share of nickel production from nodules by 1985
(thousand metric tons)

1972 1/ 1985 2/
Tonnage Percentage
World mine production: }
Developing countries 79.5 210(c) (17) (@)
Tndustrial countries 545.6 850(0) (65) (a)
Total 625.1 1,06o(a) (82) (a)
Total smelter production (land ores) 587.5 l,OOO(a)(b) 82
Production from nodules - 220(b) 18
Total consumption® 573.6(¢) 1,220(6) 100

Source: 1/ World Metal Statistics, January 197h.
2/ Estimates.

¥  FExcludes direct utilization of nickel in scrap form.

Notes: (a) Average recovery efficiency of metal from ore same as in 1972
(94 per cent).

(b) Smelter production from land ores plus production from nodules
equal total consumption (long-run equilibrium of supply and
demand).

(c) Developing countries producing approximately 20 per cent of
world mine output.

(d) Reduced by 94 per cent.

(e) Excludes the substantial volume of direct use of nickel in scrap

form.
»
(v} Copper
Electrical conductivity and resistance to corrosion meske copper invalueble in "

the manufacture of electrical equipment, cables and wires for communication and

electricial transmission lines, electrical appliances, tubing and sheeting for !
the construction and chemical industries, alloys and in a number of other uses. !
Despite competition in certain areas from aluminium, plastics, glass and other

materials, demand for copper has been growing by an average of 5 per cent per annum

/...
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for the past two decades. Demand hag been particularly strong since 1972 and as
supply failed to keep up with the pace of demand, prices rose reaching in late
1973 and early 197L record levels of over $US 1.10 per pound. 68/

Long-term market prospects are quite attractive. Demand is expected to grow
tetween 4 and 5 per cent annually until the end of this century. In response to
favourable demand conditions producers are expanding mine and smelter caparities,
Mine capacity outside the centrally planned economies bloc 1is expected to
increase by U45 per cent between 1072 and 1978. 69/

Copper production is much less concentrated than is the case with the other
three major metals to be recovered from nodules. Some 56 countries mine more than
1,000 tons of copper (metal content) per year. The industrial countries are the
largest producers and consumers, the United States, the Soviet Union and Canada
alone accounting for some 3.3 million tons of copper mined in 1972 or Lé per cent
of the world's total. The developing countries, accounting for L2 per cent of
total mine production (1972), are by far the leading exporters. In 1971, the
latest year for which comparable statistics are availeble, net exports from
developing countries in all forms (ores, concentrates, blister and refined copper)
amounted to almost 2 million tons or 73 per cent of the world's net copper
exports. 70/

Production from nodules is expected to have a very minor impact on copper
markets by 1985. If demand for refined copper expands at an average rate of
5> per cent per annum, by 1985 it would amount to about 14.9 million tons. By
contrast, production from nodules is expected to reach some 200,000 tons or
1.3 per cent of total consumption. Perhaps the most relevant yardstick for the
Probable impact of nodule exploitation on copper markets would be the production
from nodules as a share of net imports of industrial countries. For example, in
1971 net imports of 2.2 million tons represented approximately 33 per cent 71/
of the total consumption of these countries. 72/ Assuming that net imports of

£8/ Metals Week, 4 February 197L.

€9/ International Wrought Copper Council, Survey of Planned Increases in World
Copper Mines, Smelter and Refinery Capacities, 1972-1978, London, 1973, pp. 6~T.

79/ Increased scrap recovery, releases from the United States Government
stockpile and a faster expansion of mine production in industrial countries
resulted in a decrease in the share of developing countries' net exports out of
the world total refined consumption: from 31.2 per cent in 1968 to 27.4 per cent
in 1971.

71/ This share is likely to increase during the period under consideration.
It is known, for instance, that of the increase in mine capacity planned for
1972-1978, 52 per cent of the expansion was to take place in developing countries.
International Wrought Copper Council, op. cit., pp. 6-T.

12/ Copper trade statistics for the centrally planned economy block are not
surficiently complete for international comparison. From the figures available,
net trade is small, amounting to around 20 to 50 thousand tens of imports or
exports, depending on the year.
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advanced market economy countries would still amount to one third of their total

copper consumption in 1985, production from nodules would amount to only

5.5 per cent of the required net imports. In other words, production from nodules r
would be displacing about 200,000 tons of the approximate 3,630,000 tons of net

imports that advanced market economy countries are likely to require by 1985. 73/

Table 4. Copper statistics: mine production, refined consumption
and net exports of developing and industrial countries,
1968-1972 (thousands of metric tons)

1968 1969 1970 1971 1972
Mine production 5 473.6 5 949.3 6 372.6 6 460.9 022.0
Developing countries 2 399.1 2 534.2 2 582.3 2 652.4 939.4
Industrial countries 3 07k.5 3 415.1 3 790.3 3 808.5 L 082.6
Refined consumption &/ 6 500.2 7 143.2 7 248.5 T 302.7 7 886.1
Developing countries L37.7 519.5 540.3 63L.7 680.7
Industrial countries 6 062.5 6 623.7 6 T708.3 6 668.0 T 205.4
Net exports b/ 2 623.2 2 719.h 2 823.1 2 722.0 inc.
Developing countries 2 027.3 2199.1 2 175.0 1 999.3 inc.
Industrial countries 595.9 520.3 648.1 T22.7 inc.

Source: World Metal Statistics, August 1973 and January 19Tk.

Notes: &/ Includes scrap and releases from United States government
stockpile.

b/ In all forms: ores, concentrates, blister and refined.
(c) Manganese
As stressed before, considerable uncertainties surround the estimates of
manganese recovery from nodules. Any assessment of its possible impact on

manganese markets must be viewed, therefore, as a precarious first approximation. ;

About 95 pér cent of the world production of manganese ore is used in the
steel industry, mainly in the form of ferromanganese. Very large reserves of

ZQ/By way of comparison, in 1971 net imports reached 723,000 tons in Japan,
472,000 tons in the Federal Republic of Germany, 371,000 tons in the United Kingdom,
308,000 tons in France, 260,000 tons in Italy, 130,000 tons in Belgium and
115,000 tons in the United States. By 1985 these volumes of net imports would
probably double.
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manganese exist in many countries, both developing and industrial. The opening up
o7 a number of large modern open pit mines and the utilization of economical bulk
ore carriers contributed to a steady fall in prices for the past two decades
(events over the past year, however, have led to a sharp increase in manganesc
nrices). Demand for manganese is quite inelastic and thus additional supplies
tend to depress prices.

The estimated mangenese content in ores mined in 1971 reached 8.3 million tons,
of which 46 per cent was produced in «eveloping countries. T4/ Detailed trade
statistics available for 1969 indicate that of 3.7 million tons of manganese-in-ore
exported in that year, 56 ver cent originated from developing countries. 75/
Comparable worldwide stetistics on consumption are non-existent, but given the
nature ¢f manganese markets, it would be safe to sssume that total demand is
equivalent to world production. 7H/ Ascuming that manganese demand will keep
zirunding at an average annual rate ol 5 per cent, by 1985 world demand simould be
apvroximately 16.4 millicn tons of manganese-in-ure.

The tentative estimate of manganese recovery from ncaules by 1985 of
920,000 tons would amount to only 5.6 per cent of estimated worl: demand for that
year. Considering, however, that the centrally planned countric: 2= a btloc are
net exporters of manganese, production from nodules would be directed at the needs
of advanced markct economy countries. Production from nodules might supply alnost
13 per cent of the import requirements of these countries by 1985, IZ/ Given the
rather inelastic demend for manganese, 18/ and the ability of traditional suppliers
to keep on expanding production for many years with only modest investments, the
additional supply from the sea-bed will probably depress market prices. Moreover,
if manganese is recovered from 10 million tons of nodules 79/ instead of the
L-million assumed here, production from nodules could account for about one third
of the import needs of advanced market economy countries. In that case the market
imbalance would be much greater and prices would fall considerably.

74/ United Nations, Statistical Yearbook, 1973 (Preliminary).

Zﬁ/ UNCTAD, Problems of the World Market for Manganese Ore (document
TD/B/C.1/105), July 19T1.

76/ In fact, production has been somewhat lower in the past few years due to
substantial releases from the United States goverument stockpile.

17/ 1f by that time the market share of advanced market economy countries
remains the same as in 1969 (57 per cent), this group of countries would consume
atout 9.3 million tons of manganese. Furthermore, if it is assumed that, as in
19€9, atout T8 per cent of requirements by advanced market economy countries would
be imported, this would amount to some 7.3 million tons of manganese-in-ore.

78/ UNCTAD, "Manganese Ore: Brief review of main problems and possible forms
¢t zction' (document TD/B/C.1/131/Add.4), p. 3, and UNCTAD, "The effects of
production of manganese from the sea-bed, with particular reference to effects on
developing country producers of manganese ore' (TD/B/483), of 23 April 197k.

72/ One operation of 1 million tons/year and 3 operations of 3 million tons/
year,
/e
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Developing countries exporting manganese will probably be significantly
affected by nodule mining. The extent of this impact is difficult to assess, in
view of the existing market structure. Most trade in market economy countries
involves transactions from subsidiaries in producing countries to the parent
companies - generally large steel producers - in industrial countries. This
large "captive market' is not likely to be much affected in terms of volume,
though the recorded value of transactions will probably decrease. Some older
producers with higher costs due to lower ore grades, long distances from mine to
port, and inadequate port facilities, will be the ones most affected.

Three developing countries, Brazil, Gabon and India, each export about
$US 30 million annually of manganese ore and ferromenganese. Zaire, Ghana and
Morocco export less than $US 10 million each. A few other countries export less
than $US 2 million each. Exports of manganese constitute an important foreign
exchange earner only in the case of Gabon, where it accounts for some 20 per cent
of the total value of exports. For the other major developing country producers,
manganese exports represent 2 per cent or less of total exports.

(d) Cobalt

Cobalt is an expensive metal with a relatively small market. It is used in
a variety of industrial products, both metallic and non-metallic. The principal
characteristic of the metal is probably its resistance to high temperatures,
but it also possesses important magnetic and chemical properties, which make it
Particularly suited to a number of rapidly expanding advanced-technology
industries. 80/ At considerably lower prices, cobalt could be substituted for
various other non~ferrous metals. 81/ One potential market of particular interest
is in electroplating where cobalt was substituted for nickel during the 1969
nickel strike.

Cobalt is produced primarily as a by-product of copper and nickel mining.
Zaire is by far the largest producer accounting for two thirds of total mine output.
By selective mining of high cobalt content copper ores, Zaire has traditionally
adjusted supply to demand conditions. By-product production from other countries
has been increasing rapidly, and new mining projects in the Philippines, Australia,
New Caledonia, Canada and Zambia are expected to increase supplies by mid-1970s.

80/ The motor vehicle industry could become a major consumer of cobalt in
heat-resisting alloys for the manufacture of gas turbines and as a catalyst in
exhaust gases after-burners. J. D. Corrick, "Cobalt", in U.S. Bureau of Mines
Minerals Yearbook, 1972 preprints.

ﬁl/ In this report it was pointed out that the long-term elasticity could not
be forecast without further investigation. UNCTAD, Exploitation of the mineral
regsources of the sea-bed beyond national jurigdiction: issues of international
commodity policy. Case study of Cobalt (document TD/B/LL9/Add.1), June 1973,
pp. 2~5.
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Statistics of cobalt production and consumption are generally incomplete and
often conflicting. This is not surprising due to the by-product nature of cobalt
production and its relatively small value in world commodity trade. Recorded
mine production averaged 23,000 tons between 1970-1972 of which some 76 per cent
was produced by developing countries (see table 5). Estimates of consumption must
take into account the actual metal produced from ores, scrap use and releases from

Table 5. Cobalt: world mine production.i/

(Co content jin metric tons)

Country 1970 1971 1972 b/
Advanced countries 5 350 5130 > 920
Australia k70 50 Tho ¢/
Canada 2 070 1 960 1 880
Finland 1 270 1 270 1 270
USSR ¢/ 1 540 1 590 1 630
Developing countries 18 500 : 16 600 17 TkO
Cuba 1 5k0 1 540 1 5Lko
Morocco 600 980 1 150
Zaire 13 960 12 000 13 000 ¢/
Zambia 2 400 2 080 2 050
Total 23 850 21 730 23 260

Source: J. D. Corrick, op. cit., p. 5.

2/ In addition to the countries listed, Bulgaria, Cyprus, Democratic Republic
of Germany, New Caledonia, Norway, Poland, United States, Spain and Sweden are
known to produce ores (copper, nickel, and/or pyrite) that contain recoverable
gquantities of cobalt, but available information is inadequate to make reliable
estimates of output levels. Other nations may also produce cobalt as a by-product
component of ores and concentrates of other metals.

1/ Preliminary.

L/ Estimate.

00071



the United States government stockpile. It is estimated 82/ that during 1969-1971
consumpticn outside the centrally planned countries averaged 23,800 tons, having
grown at an average annual rate of 6.2 per cent over the previous decade.

For the purpose of this exercise, a 6 per cent annual rate is assumed for
the period 1972-1980, increasing to 8 per cent during 1981-1985. 83/

World demand by 1985 is projected as 60,000 tons against an estimated
production from ncdules of 30,000 tons. This would leave another 30,000 tons for
traditional suppliers. It can be expected that cobalt prices will start falling
when production from nodules reaches the market and by 1985 it is assumed that
it should be about two thirds of present levels, or around $US 2.00/1b.

If on the other hand demand fails to expand as fast as this report suggests,
or if cobalt production from nodules turns out to be considerably larger than
30,000 tons, the pressure on cobalt prices will be more serious. Prices might
fall tren to the level of nickel price since cobalt could then be used as a
substitute for some uses of nickel. In fact, this situation is likely to develop
in the second half of the 1980s.

(e) Summary

The nodule industry is expected to become an important source of minerals by
1985 (see table 6). The impact of sea-bed production on world markets will vary
considerably for the four major metals. By that time, nodules will be the most
important source of cobalt, supplying at least half of the world market with

prices dropping to about two -thirds of present levels. Many uncertainties surround

the situation of manganese: recovery from nodules might account for 13 per cent
of import requirements of advanced market economy countries, resulting in a drop
of at least S0 per cent in the price of manganese metal, and some decline in
orices of manganese ore and ferromanganese. Nickel markets will be affected by
the output from nodules since it will probably account for over one guarter of the
import requirement of industrial countries (table 6); considering the elastic
nature of demand for nickel, only a gentle decline is expected in its price.

The output of copper will only have a minor impact on copper markets; it might
amount to 5.5 per cent of the net import requirements of the advanced market
economies.

82/ UNCTAD, Case study of cobalt, op. cit., p. b.

83/ For the period 1972-1980 this is a simple extrapolation of past trends
based on a continuation of existing conditions (high prices, i.e., $US 3.10/1b.;
relative scarcity; similar end uses). It is obvious, however, that when a
substantial output from nodules reaches the market, lower prices will result.
The nodule industry will certainly strive to expand the markets for cobalt by
assuring continued supply at lower prices. Thus, an 8 per cent annual growth
rate for cobalt demand is assumed for the period 1981-1985, which is the period
when it is expected that subtantial supplies from nodules would be available.
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Table 6. Manganese, nickel, copper and cobalt: probable production from nodules,
estimated world demand and estimated net import requirement of
industrial countries in 1985 (thousand metric tons)

Production from
nodules as a

Estimated percentage of
Production from net import net import
Probable Estimated nodules as a requirement requirement of
production world percentage of of industrial industrial
from nodules demand world demand countries b/ countries
Manganese 920 16 Loo 6 7 300 13
Nickel 220 1 220 18 770 26
Copper 200 1k 900 1.3 3 600 a/ 5.5
Cobalt 30 60 a/ 50 n.a. n.a.

Source: World Metal Statistics, UN Statistical Yearbook (UNCTAD)., Problems of the World
Market for Manganese Ore.

a/ Excluding the centrally planned economies.

b/ Assuming that net import requirements would be proportionately the same as in 1972.



4,  The long-term prospect of nodule mining

Sustained long-run development of the nodule industry will depend on its
relative competitive position, vis-d-vis other sources of metal supply, namely
land mining and recycling. The relative competitive position of these alternative
sources of mineral supply will depend in turn on market conditions, technological
developments and possible institutional constraints.

The irstitutional framework for the exploitation of resources of the
international area might include regulations for a rational long-term planning of
nodule development. This question is examined in the following chapter. It is
clear, however, that the controls or regulations which may be adopted, will be
designed to orient nodule development along a course somewhat different from that
which would emerge from the operation of unregulated market forces. What remains
to be seen, however, is what would be the most likely scenario for the long-term
development of nodule resources if it were governed exclusively by market forces.
On the basis of available information, only some considerations of a general nature
can be made about the long-term prospects of nodule mining.

The implications of joint-products and by~-products recovery from nodules
become apparent when investment in new projects is under consideration. In essence
ncdule projects would be undertaken, under free market conditiomns, §E/ as long as
the prospective return on investment would be greater than the expected rate of
return on alternative investments in traditional land mining. Available information
seems to indicate that the first generation of nodule mining will be very profitable
indeed (see section III.5). Once the first few ventures become operational and
prove to be the financial success that is expected, investment interest will rise.
But, as the first miners expand their operations and the second wave of investors
make their splash, some market pressures will develop to change the profit
picture of the industry.

After the first decade of operation, further expansions of the industry are
likely to cause average revenues to decline by more than the possible reductions
in operational costs which will probably result from greater productivity and the
development of more advanced systems. How soon and by how much the price of each
mineral is likely to fall will depend on the relative volume of supply from
nodules as compared with their world demand and the comparative cost of land based
production. Normally, as a mineral produced from nodule becomes more abundant,
its price would tend to fall to the level of its most important substitute.

One of the first casualties is expected to be cobalt. By 1985 approximately
half of world demand would probably be supplied by nodule producers. As new
nodule projects become operational, the price of cobalt would eventually fall to
the level of nickel's.

84/ It seems reasonable to expect that some of the major mineral importing
countries might be willing to subsidize nodule miners, if necessary, to attain
a minimum of self-sufficiency. In that casc the nodule industry might expand
beyond the levels that would be warranted by market considerations alone.
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Drastic changes can also be expected in the market for manganese metal.
Manganese metal production from just one nodule operation of 1 million tons/year
may be almost twice as large as the projected world market in 1980 for manganese
in metal form. As a result the price of this metal will fall sharply and
eventually it should stabilize at about the present price of ferromanganese, which
it would probably replace in the steel industry. This would, of course, mean a
fundamental change in the manganese industry, with serious implications for
traditional producers of ore and ferromanganese.

The eventual replacement of ferromanganese by manganese metal in the steel
industry will be simply a question of competitive cost. The by-product nature of
manganese recovery from most systems offers an added incentive for sea-bed miners
to develop new metallurgical processes that would reduce the alleged high-cost
manganese separation stage. The magnitude of the incentive would be very high
indeed; for example, even at $US 200/ton 85/(instead of the present $US 730/ton
for manganese metal) the recovery of manganese metal would increase the gross
revenues of nodule ventures by some 50 per cent. It can be expected, therefore,
that before the end of the 1980s, the techno-economic problems will probably be
overcome and nodules will become the major source of manganese for the world
steel industry.

The sharp deecline in prices expected for cobalt and manganese, and possibly
molybdenum among the trace metals, is not expected to alter substantially the
total profitability of the nodule industry. Nickel will remain the most important
source of revenue, accounting for about 40 to 55 per cent of gross revenue,
depending on whether manganese is recovered or not (see section III.5). The real
pressure on the economics of nodule mining will be felt when production expands
sufficiently to cause a decline in nickel's price. Even at considerably lower
prices for nickel, the advent of second and third generation nodule systems,
with their reduced mining, transportation and processing costs, might well retain
the economic attractiveness of the industry.

The question, therefore, is what would be the most likely price floor for
nickel? The demand for nickel is probably very responsive (elastic) to lower
prices sustained over sufficiently long periods of time. Moreover, nickel is a
substitute for a number of metals. Though it would be difficult to determine
the extent to which nickel can be substituted for some applications of copper,
the ultimate floor for nickel might correspond to the price of copper. Since
world demand for copper is about 14 times greater than that for nickel
(7,886,000 tons versus 574,000 tons in 1972), there would be some scope for
absorbing large volumes of additional nickel supply in some special uses of
copper. The possibility of interchangeability of nickel and copper in some
markets is merely hypothetical and probably would not take place before the 1990s,
if at all. If it should occur, however, it would radically change the relative
importance of the nodule industry. In that case nodule mining could increase
spectacularly and the industry would tecome a major supplier of copper as well as
the largest source of cobalt, manganese, nickel, molybdenum, vanadium and possibly
of other metals. This scenario, of course, is only valid if no control over the
pace of rodule developmernt is exercised by the Authority.

85/ $US 200/ton is the market price for standard United States ferromanganese
containing 78 per cent manganese.
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ITI. PROMOTING THE RATIONAL DEVELOPMENT OF NODULE RESOURCES
!

A recurrent theme in official and academic statements on nodules is that
they should be developed in a rational manner. This convergence of opinions is
underscored in paragraph 9 of the Declaration of Principles86/ which states that
"the régime shall, inter alia, provide for the orderly and safe development and
rational manegement of the area and its resources and for expanding opportunities
in the use thereof". 1In order to promote the rational development of nodule
resources, it will be necessary to identify the major policy objectives, and to
examine them to ascertain the extent to which they may be mutually conflicting or
complementary.

1. Identification of major policy objectives

Several objectives have been proposed and analysed extensively in academic
papers and in the discussions of the Sea-Bed Committee. They have been expressed,
with varying degrees of clarity, in the Declaration of Principles and may be
summarized as follows:

(a) Encouraging the development of nodule resources

For some time, it has been questioned whether known mineral resources are
sufficient for sustained growth in material consumption. More recently, the
sharp increase in raw material prices caused major consuming countries to actively
seek out alternative sources of supplies. The potential of the nodule industry
has prompted industrial countries depending on imported minerals to assign a high
priority to its development. These countries, over a period of years, have
directed a huge research and development effort to solve problems posed by nodule
mining and processing, so that now technology is no longer a limiting factor on the
developrent of this industry.

(b) Minimizing the impact of nodule mining on mineral exports of developing
countries

Developing countries have understandably voiced serious concern at the
prosvect of a new industry which may have a serious impact on their markets. The
need for a controlled pace of nodule development is obvious for countries 1like
Chile, Gabon, Ghana, Peru, Philippines, Uganda, Zaire and Zambia which are heavily
devendent on the exports of minerals that will also be recovered from nodules. To a
large number of other developing countries exports of minerals represent an
important contribution to their balance of trade position. For them, a loss of a few
million dollars worth of export earnings could also be quite serious, given their

86/ General Assembly resolution 2749 (XXV).
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perennial balance of payments difficulties. But the argument of balance of
payments is not restricted to developing countries: advanced industrial countries
which are large exporters of minerals and metals such as Australia, Canada, France
and South Africa have also expressed such concern. Alleviation of balance of
payments pressures is also an argument used by groups in importing nations
requesting unilateral legislation to govern nodule development..@l/ The 1=2:ge
measure of support expressed for minimizing adverse effects on developins country
mineral exporters is thus explained.

(¢c) Ensuring the participation of developing countries in the nodule industry

Developing countries contend that the highly sophisticated nature of technology

for nodule mlnlng and proce551np and the heavy capital requirements involved

"U2 IS0 to U3 256 rillien or riore for each nodule venture) will limit the
industry to the half-dozen most industrialized countries unless there are measures
to the contrary. The smaller industrial nations also recognize their inability to
compete with the industrial leaders in this endeavour. 88/ In addition to the
votential of the industry itself, considerable spinoff benefits are expected for
the shipbuilding, heavy equipment and metal based industries. The pivotal
importance of the nodule industry was stressed by the President of the Shipbuilders
Council of America:

"In its maturity, deep ocean mining will undoubtedly contribute to an
advancement of technology not only in shipbuilding industry but in the
offshore petroleum industry while similarly endowing marine science and other
human activities about which we have yet no conception.” 89/

(d) Maximizing revenues for the international authority

From the inception of negotiations on an international régime for deep sea-bed
mineral resources, it has been assumed that nodule mining would provide a new

87/ "If S.113k becomes law, U.S. industry will start immediate efforts to
convert manganese nodules, which is now only a mineral curiosity, into material
which will flow through the channels of world commerce and aid the United States
in reducing its deficit balance of payments'. Statement of Mr. T. S. Ary on
behalf of the American Mining Congress, before the U.S. Senate Sub-Committee on
Minerals, Materials and Fuels on May 17, 1973. Op. cit. p. 136.

88" Indicative of this concern is the alternative (C) of paragraph 25 of
article 3% on participation of developing countries: "For the purpose of this
article, States not having attained a level of marine science and technology
vermitting the exploration of the Area and exploitation of its resources, or not
having the financial resources required to carry out such exploration and
exvloitation, shall be treated on an equal footing with developing countries"
Report of the Committee on the Peaceful Uses of the Sea-Bed and the Ocean Floor
reyornd the Limits of National Jurisdiction, vol. IT (1973), p. 96.

€9/ Hearings before the 1J.S. Senate Sub-committee on Minerals, Materinls and
Fuels. 93rd Congress, op. cit., pp. 87-88.
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substantial source of revenue for the international community. It is argued that
since the most important economic benefits from nodule mining will accrue to the
industrial nations developing nodule technology - which are also the major
importers of minerals - the maximum possible revenues for the international
authority should be exacted from nodule miners. Such revenues would thereafter
be shared according to criteria favouring developing countries.

(e) Preservation of the marine environment

In a world increasingly aware of ecological interdependence, it was logical for
the Declaration of Principles to include the guideline that activities in the
area should be conducted in such ways as to assure 'the prevention of pollution
and contamination, and other hazards to the marine environment, including the
coastline, and of interference with the ecological balance of the marine
environment".

(f) Conservation of nodule resources

In recent years the rapid depletion of traditional sources of raw materials
in many countries has brought into focus the need for careful husbanding of the
finite resources of our planet. The Declaration of Principles, clearly identifies
"the protection and conservation of the natural resources of the area' as a policy
objective.

2. Harmonizing conflicts of interests

Some of the above policy objectives can obviously conflict. A systems approach
to sea-bed resource management could provide an optimum cost-benefit solution to
the harmonization of conflicts if an acceptable list of priorities for the various
objectives could be determined. The establishment of priorities is indeed the heart
of the matter: and the Sea-Bed Committee has examined these points thoroughly over
the past five years. Some basic underlyine factors seem to be emerging.

First, the policy objectives of each country or regional group largely reflect
their interests as seen in the light of: (1) general market trends, and (2) the
svecial position of their domestic industries vis-d-vis the future sea-bed mining
industry. Future events may allay the fears of some countries, aggravate those of
others, or change drastically their earlier perspective.

There is a great degree of confidence in the future viability and scope of
nodule mining. Industry officials are already contemplating second and third
generation systems including such novel concepts as on-board metallurgical processing
of nodules. The prospects of a fast changing technology make it all the more
difficult for the international community to conceive and determine at this stage
all the appropriate methods of managing sea-bed resources. If the likely impact of
the first few mining overations can only be visualized in its broad perspective, what
can be said of the second and third generation mining systems? This rapic pace of

/...
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technological development underlies the need for giving the international
machinery enough flexibility to adapt itself to changine conditions and to dopt
new resource management strategies which might be required to handle any new
situation,

Given the highly dynamic nature of nodule technology and the uncertainties
clouding future market conditions it would be of little use to conceive policy
strategies to deal with possible situations beyond a time span of about one decade.
In view of these considerations, it should be stressed that in this report: (1) the
policy implications examined reflect the framework of interests as perceived in
1974 and should therefore be periodically reviewed: and (2) the time span adopted
for analysis of the implications of nodule mining cover the arbitrarily chosen
decade 1976-1985.

Another point relating to the harmonization of conflicting interests concerns
the nature of trade-offs. The central issue of nodule management is the degree
of control, if any, over the pace of resource development. The variation in the
aporoach to this question can be categorized somewhat simplistically as efficiency
(free development of nodule resources according to market forces) versus equity
(some control over sea-bed resource development). For advocates of free
development , market forces would guide the nodule industry to expand as long as it
would be profitable to do 80929/ thus securing the most efficient allocation of
resources and benefiting consumers by satisfying their mineral requirements at the
least possible cost.

This model of rescurce allocation favoured by Western economists proceeds from
a number of assumptions which are not all met in reality. It is obvious that
perfect competition, free resource movement, and general access to technology are
not true of the nodule industry. Also it must be recalled that the competitive
model of resource allocation presupposes that the existing income distribution is
socially and politically acceptable. Therefore all market-oriented developments
that might favour consumers in industrial countries at the expense of traditional
suppliers in developing countries will need to be closely scrutinized on equity
grounds. 91/

3. Balancing nodule development against its impact on mineral exports of
developing countries

(a) Basic approaches

The proposals made on ways and means to facilitate nodule development while at

90/ The theoretical equilibrium under free market conditions would be reached at
that point where additional units of investment into nodule mining would be only as
profitable as investment in land mining vrojects or, for that matter, as profitable
as alternative investments in other industries not related to mineral production.

91/ Tt is generally agreed that an additional unit of income is far more
imvortant in relative terms for countries at low levels of per capita income than
for advanced countries.
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the same time minimizing the negative effects on the mineral industries of
developing countries may be classified under two general approaches: namely,
compensatory and preventive. These two approaches, though not mutually exclusive,
are based on different premises. Under the compensatory approach, nodule
resources would be developed with few or no controls but with some form of
compensation provided to developing countries affected by sea-bed mining. In
other words, action would not be taken until some disruption had occurred. The
preventive approach would orient the development of nodule mining so as to keep the
disruptions from occurring in the first place. There would appear to be no easy
solution: the potential production of the major minerals in nodules (cobalt,
manganese, nickel and copper) is in proportions quite different from world demand
for these minerals. For example, the forecast of metal production from nodules

in 1985 would be sufficient to supply 50 per cent of the estimated demand for
cobalt, 18 per cent of world demand for nickel, 6 per cent of demand for man-anese
and only 1.3 ver cent of demand for copper.

If the preventive approach were to prevail all across the board and no metal
market were to be significantly affected by the future production from nodules, the
pace of development of the nodule industry would be very slow indeed. In fact, one
single nodule mining venture, of a size considered by industry as the minimum viable
(one million tons of dry nodules per year), might be already too large and could
affect the market for cobalt. It seems, therefore, that the harmonization of the
conflicting interests involved would require that the preventive and compensatory
aoproaches be combined in a politically acceptable strategy for development of the
nodule industry.

(b) Long~term plannine: the vreventive approach

One approach that has been supported by a number of countries is that sea-bed
resources should be considered as complementary to traditional sources of supply.
The translation of this general nrecept into practice offers a number of
3t pPiculties. For instance, it might be thought that sea-bed resources would have
. complementary role if they were developed specifically to supply that vart of
_emand that could not otherwise be supplied by traditional sources. The problem
with this interpretation is that demand, supply and prices are all interrelated, and
if demand tended to outstrip supply, this imbalance would result in increases in
prices to the extent necessary to bring demand and supply to a new equilibrium.

An alternative approach would be to define arbitrarily the concept of
comrlementarity in a dynamic sense, namely, in terms of future increases in demand.
On the other hand, if all future demand for the minerals that can be produced from
nodules wvere to be supplied by this new source, this would amount to & nolicy
decision to halt further growth for traditional producers. Existine producers
might find it difficult to exvand capacity snd there would be a virtual impediment
to the development of a number of land devosits which have recently been discovered,
or may be discovered in the future. The exact extent to which the partition of
future vproduction from land and sea-wved sources is politically accevntable is still
to be determined. HMoreover the views on the specific shares to be allocated to each

/oo
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source will likely change with time. The most important factor in this
consideration is still unknown, namely the relative efficiency (cost of production)
of the nodule industry as compared with land mines.

Assuming that the complementarity approach for sea-bed production might be
accepted in terms of a certain share of the increase in demand for the minerals
concerned, a number of practical problems would remain to be solved. Since the
likely metal production from nodules will be forthcoming in proportions quite
different from the demand for these minerals, what would be the basic guideline
for the optimum pace of nodule mining? On numerous occasions industry officials
and government representatives from countries developing nodule mining systems
have indicated that the mainstay of the nodule industry will be nickel. 92/ This
vosition is explained in the following statement by Leigh S. Ratiner, the Director
for Ocean Resources of the U,S. Department of the Interior:

"Our present understanding of marine miners' plans indicates that they will
produce either three or four metals concurrently. Future metallurgical
developments may enable the extraction on an economic scale of only the more
valuable copper and nickel content of nodules. For the present, however, use
of these techniques would require marketing of either three or four of the
metal components. If one of these metals faces a difficult market situation
and is an important source of revenue, the entire production process must be
geared to market opportunities for that metal. Since nickel represents

such a significant share of the gross value of marine mining production, and
since its market opportunities may be restricted during the early phases of
deep sea mining develorment by both the size and nature of nickel markets, it
may be concluded that nickel will be the limiting factor on the growth of a
marine mining industry for the foreseeable future.' 93/

Following this argument to its losical conclusion, Mr. Ratiner, on another
occasion, suggested that on the basis of projected growth in demand for nickel
between now and the year 2000, some 20 to 90 production units, each producing

92/ As a matter of fact, Summa Cornoration refers to nodules as ‘nickel
nodules” instead of using the term manecanese or ferromanganese nodules generally
employed by the academic community.

22/ Appendix by Leigh S. Ratiner, to a letter of Charles N. Brower to
Senator J. William Fulbright dated 1 March 1973, copies of which were made
available to members of the Sea Bed Committee.
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approximately 3 million tons of nodule per year could be in operation by the
year 2000, 94/

It would seem therefore that the long-~term planning of nodule development as a
function of the increase in demand for nickel would be politically acceptable to
countries developing nodule mining technology. The pace of growth of the nodule

industry would, of course, vary depending on the share of the future increase in
demand for nickel that the nodule industry would be permitted to supply. Moreover,
the exact rate of growth in demand for each mineral produced from nodules will have
important implications for future market penetration.

Some actual figures might be helpful in assessing the magnitudes involved in
long-term planning of nodule development as a function of the increase in demand
for nickel. Assuming that future world demand will increase at an average of
6 per cent a year (for the period 1962-19T71 in the market economy countries it was
6.5 per cent), by 1976 the world demand for nickel would amount to 724,000 metric
tons. 95/ In that case, the expected 41,000 tons increase in demand for nickel for
1976 could be supplied by approximately 2.7 million tons of nodules yielding an
average of 15,000 tons of nickel ver million tons of dry nodules. This volume
over time can be quite impressive. TFor instance, during the decade of 1976 to 1985
the increase in demand for nickel at a 6 per cent growth rate would amount to

2&/ See statement of Mr., L. Ratiner at the hearing of the Sub-Committee on
Minerals, Materials and Fuels of the United States Senate on 15 June 1973. These
figures were apparently derived on the assumption that a production unit of
3,000,000 tons of dry nodules per year would recover on the average 34,000 tons of
nickel per year and that demand projections would be as follows:

Estimated world demond for nickel (in metric tons)

Assuming a 2.4 per cent Assuming a 6 per cent

Year growth rate growth rate
(a) 1975 779,000 926,000
(p) 2000 1,409,000 3,974,000
(¢) Growth in demand: (b)-(a) 630,000 3,048,000 '
(a) Approximate number of .

mining units: (c¢) <+ 34,000 19 90

95/ Demand for newly mined nickel. If direct use of scrap were taken into
account, this figure would be considerably larger as in the U.S. projections
presented by Mr. Ratiner (see foot-note 1 of previous page).
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540,000 tons. Approximately 36 million tons of high grade nodules 96/ could be
authorized in 1985 to supply this increase in demand. Such a volume of nodules
could be sufficient to commission six mining operations of the size vroposed by
Deepsea Ventures (1 million tons/yvear) and an additional 10 operations of the size
wiich 1s reported to be nlanned by Kennecott Copper (3 million tons/year). By
contrast, industry officials estimate that by 1985 the capacity of the ncdule
industry should te around 15 or 16 million tons of nodules,QZ/ which coinc ides with
the forecast in this report (15 million tons).

The acceptance of nickel as the pace setter for nodule miningz has the very
irvortant advantage of guaranteeing the interests of conper vroducers in develoning
countries. Vhile the demand for copper was about 1L times larger than the demand
for nickel in 1972, the volume of production of nickel from nodules is likely to
be some 15 vwer cent higher than that of copper. Thus, the impact of nodule
development on copper markets would be minor for the foreseeable future. 2@/ For

96, Nodules with 1.6 per cent nickel content, assuming a 94 per cent
metallurgical efficiency in recovery of the metal giving an output of 15,000 tons
of nickel ver million tons of dry nodules.

97/ A. Rothstein and R. Kaufman (Deepsea Ventures, Inc.) estimate that by 1985
verhars six nodule mining units micsht be in operation. Two of these with a capacity
of 1 million tons would recover mansanese, while the four others - average rated
capacit of 3.5 million tons - would not. If all these units were to reach full

carzcity by 1985 about 16 million tons of nodule would be mlned See 'The
immroaching laturity of Deev Ocean Mining - The Pace Quickens”, in 1973 Offshore
Technology Conference. V.I., pp. 323 ff. Mr, T. 5. Ary, Chairman, AMC Committee on
Undersea Jlineral Resources, in answer to written questions nroposed by

senator Lee iietcalf in relation to hearings on S.113Y4, suggested that market
consid erﬂt"ons vould probably limit nodule mining to five operations of 3 million
tons/year by 1986. op. cit., n. 183.

93/ It is important, however, to keep in mind that the cumulative effect of
difrerent commound rates of ﬂrowth for nickel and copper could change the
vrovortional volumes of demand for these two metals over time. For example, the
14 times rreater demand for copper in relation to nickel in 1972 could be
considerably reduced by the year 2000 if demand for copper increased at lower
rates and for nickel at faster ones.

Ratlo of conner/nlckel demand by the vear 2000 at
dlffeggnt annual rates of growth for each metal
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instance, considering the unlikely possibility that by 1985 some 36 million tons
of nodules would be mined, production of copper from nodules (468,000 tons) would
amount to only 3 per cent of world demand.

The role of manganese is perhaps the most controversial of all metals
contained in nodules. Great uncertainty surrounds the likelihood of manganese
recovery from nodules, as this mineral has a very low price as compared to cooper,
nickel and cobalt. Only one company in the United States, Deepsea Ventures, has
announced plans for recovering manganese in the form of vure metal. This company
has indicated that it might recover 230,000 tons of manganese metal, from its
vroposed one million ton/year nodule operation, which would be far more than the
existing world demand for manganese in metal form. There are some indications that
DOMA in Japan plans to produce manganese from ncdules, probably in the form of an
ore—equivalent.

It can be expected, however, that in time strong pressures 99/ will be
generated within the nodule industry to recover the manganese as well. Technical
innovation in metallurgical processing will eventually reduce the cost of man~anese
recovery in the form of either pure metal, ferromanganese or a manganese ore-
equivalent.

Though the commercial feasibility of large-scale recovery of manganese from
nodules is still to be demonstrated, several developing countries that export this
mineral have expressed grave concern for the future of their domestic mines. Since
manganese may be recovered from only L4 million tons out of the 15 million tons of
nodules which are expected to be mined by 1985 (i.e. 27 per cent), it would seem
that a planning guideline for manganese recovery, amounting to 50 per cent of the
total volume of nodules mined, might be acceptable to those countries developing
nodule systems,

Considering the imponderables of long-term forecasting, it would seem
preferable that any planning for nodule mining should be established in a flexible
way to respond to market developments. This flexibility would be made more
nalatable to consumers and exporters alike if the authority's decisions were to be
made according to predetermined limits. For example, the maximum level could be
set at 100 per cent of the increase in demand for nickel and the minimum level at
50 per cent. On this basis, the nodule industry would know that regardless of
vrevailing market conditions, they could be assured of at least an annual increase
in production equivalent to half of the expected increase in demand for the
guideline mineral. The developing countries exporting nickel, manganese and covper,

22/ danganese and iron would amount to OVEYr one third of the volume of
tailings-that must be discarded by processing plants. The reduction of waste
disposal costs would be another economic incentive for the recovery of this
mineral as environmental requirements affecting slag heaps become more strict.
iloreover, policy considerations might play an important role in the possibility of
inducing some Governments to grant snecial subsidies for manganese recovery from
nodules.

/e
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Table 7. Summary presentation of possible scenarios of
controlled nodule development *

(a) Basic guideline: rate of nodule mining as a function of increase in
demand for nickel:

minimum authorization rate - 50 per cent of this increase,

maximum authorization rate - 100 per cent of this increase.
(b) Additional limitation - recovery of manganese from nodules:

50 per cent of the nodule mining authorized

(c) Total volume of nodule mining which could be authorized by 1980 and
1985 if nickel demand increases by 6 per cent per annum:

1980 1985
minimum - 7,700,000 tons 18,000,000 tons
maximum - 15,400,000 tons ' 36,000,000 tons

(d) Total volume of nodules from which manganese recovery could be
authorized by 1980 and 1985 on the assumption of (c¢) above:

1980 1985
minimum - 3,850,000 tons 9,000,000 tons
maximum -~ 7,700,000 tons 18,000,000 tons

¥ The figures used in the projected demand for nickel exclude the
direet use of nickel in scrap form.
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on the other hand, would be assured that the maximum increase of production
forthcoming from nodules would not reduce their present volume of production since
the additional production from nodules would be peared, at least theoretically, to
the increase in demand.

Time lags in project implementation could serve as an additional factor in
softening the impact of sea-bed production on mineral markets. 100/ If the
international sea-bed authority were, for instance, to start granting permits in
1076 for nodule mining (licences or joint ventures) 101/ cquivalent to the cxpected
increase in world demand for nickel for that year, the volume of nodules involved
would be anpproximately 2.7 million tons. It is obvious, however, that commercisal
production of metal from those 2.7 million tons of nodules would only reach the
market a few years later. The enterprises involved would still have to finalize
their investment projects, make the financial arrangements, build the mining
system and the processing plant, and run the final tests before starting
commercial production. This lead-time would be a minimum of two years in
exceptional cases, but more likely of three to five years for most firms, 102/

What would be the likely impact of nodule develooment along the guidelines
described above? A first approximation could be derived on the basis of the
following assumptions: (1) the full volume of nodules (and manganese recovery)
that would be authorized each year would be in fact contracted for with interested
parties; (2) the average lead-time for marketing minerals would be three years from
the date of the original contract (if the first contracts for joint ventures or
licences are granted in 1976, then production would reach the market in 1979) -

(3) all ventures would start operation at their full rated capacity and would
remain at that level thereafter; (4) average recovery from each million tons of
dry nodules would be: 15,000 tons of nickel; 13,000 tons of copper: 2,000 tons of
cobalt and 230,000 tons of manganese (if recovered).

100/ On the other hand, it misht be decided that time lags in project
implementation should be taken into account in the establishment of planning
guidelines. The principle of complementarity would be interpreted as the granting
of authorizaticn for nodule mining in line with the expected increase in demand
for the very year vhen commercial production would start. In the example of the
text, it could mean that in 1976 authorization would be granted to supply the
projected increase in demand in 1979, assuming an average three year lead time.

In that case, the fipure for maximum authorization during the period 1976-1985
would be 43 million tons of nodules.

101/ If on the other hand the Authority were to undertake nodule exploitation
directly, the question of control would be obviously greatly simplified.

102/ 1t is conceivable, on the other hand, that once the rules of the game are
clearly defined, the leaders of the industry might schedule the activities of
their implementation programme in such a way as to shorten the time between
authorization and commercial production.
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Table 8. Hypothetical mineral production from nodules based on

full utilization of the planning guidelines *

(in metric tons)

Nickel Manganese Cobalt Copper
rotential production starting in 1980
minimum authorization 42,000 320,000 5,500 36,000
maximum authorization 34,000 640,000 11,000 72,000
Fotential production by 1985
minimum authorization 175,000 1,300,000 23,000 150,000
maximum authorization 350,000 2,600,000 46,000 300,000
Estimated world demand: 1980 914,000 12,900,000 L4k,000 11,650,000
1985 1,220,000 16,400,000 T0,000 14,900,000
Share of world market in 1980
minimum authorization L.6% 2.5% 12.5% 0.3%
maximum authorization 9.2% 5.0% 25% 0.6%
Share of world market in 1985
minimum authorization 14.3% 7.9% 33% 1%
resipun authorization 28.6% 15.8% 66% 2%
¥  Ses Table 7. Average lead time assumed as 3 years.
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As can be seen in Table 8, the potential mineral production from nodules,
within the constraints of the planning guidelines, could be quite substantial.
It must be understood, however, that these are hypothetical figures. The maximum
authorization would represent a potential of some 50 per cent more metal production
from nodules than is likely to take place under free market conditions. Under the
minimum authorization production of nickel, copper and cobalt would be
approximately 25 per cent below the present plans of industry, though the estimated
manganese recovery would be unrestricted (see Table 2},

It could be concluded that the planning guidelines exemplified above are
fairly in line with the plans of the nodule industry. These guidelines, however,
would go a long way toward assuaging the fears repeatedly voiced by mineral
exporting developing countries that the nodule industry will doom their domestic
mining industry.

The effectiveness of any system to regulate the pace of nodule exploitation
will depend, of course, on the extent of the international area. If extensive
limits for national jurisdiction are adopted, it is likely that some nodule
deposits of commercial interest might fall within national jurisdiction, thus
outside the control of the international authority. A number of high grade deposits
have already been found in proximity to land areas.

The planning approach exemplified in this report is just one of several
possible solutions. Whatever planning strategy is deemed appropriate to harmonize
the conflicting interests in sea-bed resource development, it will be necessary to
define the regulatory instruments with considerable precision. 103/ On the other
hand, it is clear that the international régime under negotiation cannot, even in
its detailed rules, standards and procedures, predetermine every administrative
procedure to be adopted by the international machinery. If that were so, there
would hardly be a need for granting deliberative and executive powers to the
authority. Planning, whether in centrally planned or market economies, is a
continuous process that requires endless innovations and adjustments not only in
methods used but also in goals.

(¢) An alternative approach - indirect controls

A certain measure of control over the volume of mineral production from
nodules could be obtained with the use of differential levies or royalties for each
of the minerals to be recovered from nodules. The minerals which would be most
affected by the nodule industry such as cobalt, manganese and molybdenum could be
made subject to royalties higher than the average fiscal charge imposed on the
recovery of nickel and copper from nodules. This method was already described in

}9}/ For example, the optimum size of a nodule operation may be larger than the
nodule volume authorized for a given year, i.e., a 3 million tons project versus
the 2.7 million tons that could be authorized in 1976. The authority would need to
institute procedures for dealing with a number of matters in the administration of
a regulated system for nodule exploitation.
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previous reports by the Secretary-General ;9&/ and need not be repented herce.  The
implementation of such systems, however, would require considerable sophistication
in the analysis of market treands and in forecasting the impact that different levels
of royalties or levies night have on the operations of the nodule industry.

(d) The compensatory approach

As indicated above, it seems that the most feasible way to minimize the impact
of nodule development on developing countries producing cobalt would be bty roons of
ccempensatory payments. It is difficult to foresee the future behaviour of cobalt
markets once large volumes of nodules start being mined because at present the
market is highly concentrated in the hands of one single producer in Zaire. In the
past, Zaire, acting as a price leader, has tended to reduce output when cobalt
prices were falling. 105/ Whether or not Zaire continues its price leadership, the
export revenue of cobalt producers is expected to decline sharply once the nodule
industry matures. Compensation for these countries might therefore be in order.lggf

It has been argued that such compensation would leave very little revenue left
for distribution to the international community. One possible solution to this
impasse would be to exact a contribution from those countries that would directly
benefit from any drop in cobalt prices. This compensation might be in the form of
an internal tax per ton of cobalt consumed in the industrial countries, whether
derived from nodules or from traditional land sources, amounting, for instance, to
half of the expected drop in price as compared to a base year.lgl/ In this way,
consumers would still benefit from lower prices, and the interests of developing
countries would be protected. A similar compensatory approach might also be
envisaged to complement other measures used to minimize the impact on manganese
producers.

}9&/ "Possible impact of sea-bed mineral production in the area beyond national
jurisdiction on world markets, with special reference to the problems of developing
countries: A preliminary assessment" (document A/AC.138/36) and "Additional note
on the possible economic implications of mineral production from the international
sea-bed area™ (document A/AC.138/73).

105/ UNCTAD "Exploitation of the mineral resources of the sea-bed beyond
national jurisdiction: issue of internatiocnal commodity policy. Case study of
cobalt" UNCTAD document TD/B/LL9/Add.l of June 1973.

106/ Some analyses have suggested that there might be insufficient revenues
for the authority to compensate developing producing countries for actual or
potential earnings foregone. See UNCTAD documents TD/B/L49/Add.1 and TD/B/483.

107/ See document A/AC.138/36, p. 67.
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(e) Short-term price fluctuation

It has been suggested that the international authority should be empowered to
deal with short-term price fluctuations. One possibility would be for the authority
to limit or reduce the volume of production from existing nodule mining operations
if the prices of some minerals were to fall.l08/ It is apparent, however, that the
compulsory reduction or suspension of mineral recovery from existing nodule
operations would present a number of technical, economic and political difficulties.
Moreover, it is doubtful whether an enterprise could subsist financially if it were
required to suspend production even if only for a few months. An alternative
approach that might be considered is the use of the International Monetary Fund and
the World Bank compensatory financing schemes, which were conceived to assist
countries that may be faced with shortfalls in export earnings due to unfavourable
market developments.

The potential role of commodity agreements for protecting the interests of
developing countries exporters should not be over-emphasized. Commodity agreements
are generally directed at stabilizing market prices for a given commodity on the
basis of the existing market shares of the members. In the case in point, the
disequilibrating factor would be the new sea-bed producers who, without any share
of the market at present, could not be expected to accept the maintenance of the
market status quo. None the less commodity agreements may have a future role to
play that would be complementary to other measures designed to minimize the impact
on developing countries.

L. Participation of developing countries

Some general considerations are made on indirect and direct means to promote
the participation of developing countries in sea-bed mining.

(a) Indirect methods: +transfer of knowledge of resources and technigues

It is obvious that little participation is possible in a vacuum of knowledge
regarding sea-bed resources and the industrial techniques required for their
exploraticn and exploitation. Given the nature of the industry, only a few
entities in a handful of countries possess the necessary data and techniques and
they are of course keeping them secret from all potential competitors. Thus, the
first step in promoting some measure of participation by developing countries would

108/ See article 36, paragraph 40, alternative (E) of the texts illustrating area
of agreement and disagreement on items one and two of Sub- Committee I's programme of
work "to regulate the production, marketing and distribution of raw materials from
the Area and, where appropriate, to take, in consultation or in collaboration with
the United Nations and its appropriate specialized agencies, measures to facilitate
the stabilization of world prices of the raw materials obtained from the Area,
through inter alia reduction and suspension of production and international
commodity agreements, whenever it deems that the production of such raw materials
from the Area may have adverse effects on the economies of exporters of similar raw
materials from developing countries." Report of the Committee on the Peaceful Uses
of the Sea-Bed and the Ocean Floor Leyound the Limits of National Jurisdiction,
Volume II. Document A/9021 of 1973. {Alternative D of the same text contains
similar provisions). , /..
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be to institute a system for collecting and disseminating information on nodule
resources and mining and processing techniques. As is generally known, industrial
and developing countries alike require that all data on resource surveys or
prospecting be divulged to the relevant authorities. It might be considered
appropriate, therefore, that all information collected by enterprises engaged in
the prospecting of international sea-bed resources be shared with the Authority.

It has been suggested that the Authority should organize training programmes
for nationals of developing countries on the various subjects related to the
exploration and utilization of sea-bed resources. The usefulness of such programmes,
however, should not be overestimated. Historically, programmes of transfer of
technology, more often than not, have fallen short of their objectives. 1In an
industry just developing a new and sophisticated technology, it can be expected that
almost all the experienced specialists will be employed by nodule miners, thus
making it unlikely that they would be available to conduct training courses and in
the process divulge proprietary information. Moreover, the rapid advance that can
be expected in nodule technology would tend to outdate knowledge gained in training
programmes before it could be put into practice.

(b) Direct methods - joint ventures

The priority that developing countries have given to their participation in
sea-bed mining can be best understood in terms of the experience that some have had
with their own natural resources and their ability to exercise control over their
exploitation. In a number of instances, these countries were unable to effectively
control investment plans, marketing practices, and other managerial decisions of
great importance to the local economies. This pattern has been clearly evident in
the 0il industry where conflicts of interests have become more apparent between
the worldwide interests of the major petroleum firms and the national interests of
the host State where the venture is located. 109/

Joint ventures are becoming a common feature of the international mining and
petroleum industries. It has been suggested that the future of the international
petroleum industry will be one in which joint ventures with State companies, or
service contracts and production-sharing arrangements, will be the order of the
day.110/ Participation of developing countries in the exploitation of sea-bed
resources could be fostered in two types of joint ventures. One would be the
association of companies from developing countries with enterprises of industrial
nations possessing sea-bed technology. It is obvious that in this case participation
would be accomplished in a direct manner with business groups from developing
countries participating with risk capital and reaping any benefits obtained.

109/ C. W. Friedmann, "Joint Exploration of Ocean Bed Resources: some
Organizational Aspects™, in Qcean Enterprises, A Special Report on a Preliminary
Conference held in preparation for the Pacem in Maribus Convocation,

28 June-3 July, 1970.

110/ L. C. Stevens, "Joint Ventures in the International 0il Industry", in
Petroleum Review, October 1973.
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A more indirect way of participation would be through the Enterprise
proposed by the 13-Power draft.;l;/lt is likely that the over-all objective of
control over nodule exploitation might be accomplished by the regulatory powers of n
the international sea-bed authority. Nevertheless, there will still be considerable
scope for participation in the decision-making process within the individual nodule
mining units to warrant the establishment of joint ventures between interested "
parties of advanced countries and the Enterprise. A host of questions relating to
financial arrangements, location of processing facilities, hiring of personnel,
management and marketing 112/ practices, can so drastically affect the profitability
of individual mining ventures as to make an active and direct role desirable for
the international sea-bed authority in each individual venture. The participation
of the Enterprise in joint ventures, moreover, would provide the necessary feedback
for the Authority to adjust the rules, standards and regulations of sea-bed mining
to the real needs of both the industry and the international community at large.

5. Revenue for the international machinery

It has been suggested 113/ that the "take” of the international authority should
neither amount to a hidden subsidy nor to a disincentive as compared to land mining
operations. Any differential subsidy or disincentive would encourage inefficient
allocation of world resources. It must be said, however, that this principle of
"equivalent fiscal charge" is easier to conceptualize than to put into practice.

The tax burden on land mining operations varies dramatically from country to
country and even from one mining operation to another, thus leaving open the
question of what would be an “equivalent fiscal charge'. The adoption of the
"average' tax charge in existence in the major mineral producing countries would
not necessarily be more desirable than either the lowest or the highest existing
fiscal charges. 1In fact, the fiscal charge of land-based mining ranges from a
negative tax (subsidy) to very steep charges equivalent to over half of the market
value of the metals produced. 114/

The equivalent fiscal charge principle alone cannot supply an operational method
to determine the appropriate share of the international authority in the revenues of

111/ For example, the granting of discount prices to subsidiaries or associated
firms and the use of product distribution through third parties.

112/ "Working paper on the régime for the sea-bed and ocean floor and the subsoil
thereof beyond the limits of national jurisdiction', submitted by Chile, Coclombia,
Ecuador, El Salvador, Guatemala, Guyana, Jamaica, Mexico, Panama, Peru, Trinidad and
Tobago, Uruguay, Venezuela, in document A/8L21.

113/ D. B. Brooks and F. T. Christy, Jr., "Memorandum on Suggested Operational
Guidelines for an International Regulatory Authority for the Sea-bed", in The
United Nations and the Bed of the Sea (II), 2lst report of the Commission to Study
the Organization of Peace, New York, June, 1970.

114/ See "Additional notes on the possible economic implications of mineral
production from the international sea-bed area", document A/AC.138/73, pp. 18-19.
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the sea-bed mining industry. A suggestion often made is to establish the highest
possible fiscal charge on nodule mining compatible with maintaining the necessary
incentives to ensure a steady flow of investments in nodule mining. Though
conflicting in the short-run, these two objectives are in fact compatible in

the long-run. If enough incentives are given, the nodule industry will develop
faster, thus increasing the revenue base of the Authority. The crux of the matter
is then the quantification of a prospective level of return on investment that
would encourage the large flow of funds necessary for the commissioning of nodule
mining systems. A first approximation would be to survey the actual return on
comparative investments in manufacturing and mining industries in the countries
developing nodule mining technology.

For example, the average return on investment 115/ for the whole menufacturing
sector in the United States was 10.8 per cent in 1971 and 12.1 per cent in 1972.
What is more relevant for the future nodule industry is that in the United States,
the average return in metal mining (23 companies) was 10.5 per cent in 1971 and
10.k per cent in 1972, while the average return in the non-ferrous metals
industry (52 companies) was much lower: 5.0 per cent in 1971 and 7.2 per cent in
1972.11¢/ Considering the risks involved in a totally new technology for mining
and processing and the novel institutional arrangement to be established for
resource exploitation in the international area, it seems reasonable to expect
that risk capital from advanced industrial countries would require a minimum
prospective return on investment somewhat higher than these average rates of
return. Since the rate of 15 per cent has been mentioned by industry officials,
in informal discussions,li’/as their minimum target, this figure is used as a
rough rule of thumb in this analysis.

(a) Value of nodules versus value of processed minerals/metals

A prerequisite for any estimate of the profit potential of the nodule industry
1s the determination of what stages of production should be considered in defining
the "international sea-bed mining industry'". Should the value of nodules on board
the mining ship (ore at the mine site) serve as the base for caleculation, or the
market value of the processed final products marketed by the industry? The method
agreed for this calculation could affect quite dramatically the revenue potential
for the international authority. It can be roughly estimated that the nodules on
board ship will be worth between 6 and 10 per cent of the value of the final
products after the metallurgical processing is completed. 118/

115/ Net worth (investment capital plus non-distributed profits).
116/ First National City Bank, Monthly Economic Letter, April 1973, pp. 6-7.

117/ Marne Dubs, at the 9th Annual Conference of the Marine Technology Society,
Washington, D.C., 10-12 September 1973.

118" Mining costs of $US 6/ton of nodule plus some $3 of profits for an
approximate value of $9/ton on board ship. The value of metals extracted from
nodules might range from $90 to $170/ton (depending on whether manganese is
recovered or not).
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On several occasions the renresentatives of countries developing sea-bed
mining systems have indicated that they expect the nodule industry to generate
substantial revenues for the international community. Moreover, the concept of
the common heritage of mankind would seem to give precedence to the definition
that would best benefit the international community as a whole. It could be
expected that those countries wishing to set up nodule processine plants in their
Territory would be doing so on behalf of the international community. The host
country would be tradine off its usual share of net revenues or fiscal charge over
the metallurgical processine stage for a number of real benefits. For instance,
nodule processing will provide local employment and will induce the creation of a
number of ancillary activities to supply some of the inputs of the industry and
even more imvortant, to process further the metals/minerals produced. Aside from
these important economic benefits, the security which comes from having a steady
internal supply of mineral might be a sufficient reason for advanced industrial
nations to forego their customary tax revenue from activities carried out within
their borders. 119/

The following considerations on the revenue potential for the international
machinery assume that the base for calculation will be the value of metals
produced by the nodule industry. This approach, if generally agreed upon, would
need to be considerably refined to take into account a number of specific problems
that can be foreseen such as the definition of "final products". Subsequent stages
of fabrication such as the production of alloys, plates, sheets, tubes, wires, etec.,
are not considered here. By the same token, the sale of some by-product chemical
reagents such as chlorine ;gg/ or the use of the tailings for the manufacture of
construction materials or other uses will not be considered in the estimates of
the revenue potential of the nodule industry.

The determination of metal prices for the purpose of computing the share of
the international authority will need to be closely scrutinized. For example, in
some countries with domestic price controls, like the United States, copper prices

119/ The waiver of taxes over certain economic activities is not so unique.
Some advanced and developing countries grant tax--free status to manufacturing
companies located within some “free port zones”, when these activities are geared to
the export market. The system of tax credit, however, has a direct parallel with
the nodule industrv. In most industrial countries, companies operating abroad are
permitted to deduct from their tax bill all taxes paid to foreign government. This
procedure has been extensively used by the multinational petroleum and mining ~
companies.

120/ peep-Sea Ventures has indicated that the resulting chlorine from their
hydrochlorination process can be a great plus in the financial vieture of their N
metallurgical process. See R. Kaufman and A. J. Rothstein "Recent Developments
in Deep-Sea Mining" in Marine Technology Society 6th Annual Preprints, 1970.
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may be considerably lower than in other markets, e.g. the London Metals Exchange.
More serious is the possibility that intentional manipulation of prices could have
the effect of reducing the take of the Authority. A common practice of
multinational corporations to minimize taxes is to sell at a low price the
commodity produced in a high tax country to an affiliate in a tax haven, that
henceforth would proceed to market the product at prevailing prices. ;g;/ This
procedure could also be applied domestically if the party mining and processing
nodules had interests in other industries or activities using the metals produced.
Another situation that must be considered is that of countries with currency
controls that would make it difficult to remit the share of the Authority abroad;
this problem could be very serious if the currency is inconvertible and the country
exercises strict control over its foreign trade.

(b) The profit potential of the nodule industry - preliminary estimates of
revenues and costs

A preliminary investigation of the sross profit potential of the nodule
industry can provide the necessary ground work for determination of the authority's
take. The difficulties involved in trying to estimate future revenues and costs of
an industry when much of the pertinent information is proprietary cannot be
overemphasized. Even in well-established industries a cost benefit analysis for a
new project must always be evaluated with care. Thus a prospective cost-benefit
analysis for the nodule industry must be viewed as a first approximation to this
crucial, if rather obscure, aspect of the future industry. To this end, a number
of assumptions must be made to establish the basis for the estimates on costs and
revenues.}@@/ Most of these assumptions have been derived from information made
nublic by the nodule industry.

The estimate of gross revenues or sales is, conceptually, a straight-forward
calculation. It can be made by multiplying the expected volume of production of
each metal by their expected future prices. The estimated volume of production per
million tons of dry nodules is presented in table 1.

Forecasts of future commodity prices are always of a conjectural nature. A
considerable degree of uncertainty will be involved if the time span is over five
years and a major new source of supply must be taken into account. Thus, some
conservative assumptions will be made for metal prices during the first decade of
the nodule industry. These prices are below current market prices of early 19Th
which with the accelerating process of world-wide inflation will in all probability

121/ See J. S. Arpan, International Intercorporate Pricing (New York, Praeger,
1971).

122/ See R. Branco, "The Tax Revenue Potential of Manganese Nodules", in Ocean
Development and International Law Journal, vol. 1, No. 2, 1973.

/e..
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be exceeded in the following years. These price assumptions, conservative as they

may be, would serve for a comparison with capital and production costs estimated

on present basis, and provide a first approximation to the prospective financial &
return of the nodule industry. 123/

The assumed prices used in table 9 for calculations of estimated revenue of "
two possible sizes of nodule mining operations are all below present market prices.
The greatest variations were in manganese metal price assumed as under half of
current market price and cobalt assumed as 2/3 of current price to allow for the
expected drop in prices once these metals are recovered on a commercial scale. 124/
The price of nickel is assumed as about 10 per cent below present levels and the
price of copper (US $0.80/1b), substantially below the high levels reached in recent
months (up to US $1.10/1b.). Minor metals, including molybdenum (currently
US $1.90/1b.), vanadium (US $1.50/1b.), silver and others are assumed to have an
average price of US $1.50/1b. This latter price assumption may turn out to be the
most conservative of all, particularly in the case of nodules containing platinum,
since this metal alone may in fact be worth more than the other metals. 122/

On the basis of these assumptions, the estimated gross revenue for mining
operation of one million tons per year producing manganese metal would be
approximately US $170 million. Only one firm so far (Deep-Sea Ventures, Inc.) has
indicated that it intends to recover manganese in the form of metal. It seems that
the other companies in the United States, Furope and Japan are not considering the
recovery of manganese. If no manganese is recovered, the estimated revenue for a
3 million ton/year operation would be US $268 million. These are the sizes of
mining operations generally mentioned as being planned in the United States. 126/

Several attempts have been made in recent years to estimate capital
requirements and mining and processing costs for different sizes of nodule

———e

123/ These assumptions on prices must not be construed as projections or
forecasts of metal prices in the 1980s but just as working assumptions for
comparison with present cost estimates.

124/ See section II, on the probable impact of nodule mining.
125/ ECAFE/CCOP, op. cit., p. L42.
126/ L. S. Ratiner, locus cit. and A. J. Rothstein and R. Kaufman op. cit.

/...
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Table 9. Estimated revenue of two possible sizes of nodule mining operations

1 million ton/year 3 million tons/year
Metal Value of Metal Value of
Production Production Production Prodiction
(thousand tons) (US $ million) (thousand tons) (US $ million)
Manganesei/ 230.0 80.5 - -
Nicke1/ 15.0 49.5 45.0 148.5
CopperE/ 13.0 22.9 39.0 68.6
Cobaltgf 2.0 8.8 6.0 26.h
Minor metalsS/ 2.5 8.2 7.5 2L, 7
TOTAL 262.5 $169.9 127.5 $268.2

Notes:

2/ Long term price of manganese metal assumed as US $350/ton (as against
%.33/1b. or US $730/ton in December 1973) to take into account the impact on
the rather small market for manganese metal.

b/ Price of US $1.50/1b. or US $3,300/ton (US $1.62 in January 197L).
¢/ Price of US $0.80/1b. or US $1,760/ton (US $1.05 in December 1973).

d/ Price assumed as US $2.00/1b. or US $4,400/ton (as against US $3.10/1b.
in December 1973).

¢/ Varying quantities of molybdenum (US $1.90/1b. in December 1973), vanadium
(Us $1.50/1b. in December 1973), zinc (US $0.80/1b. in December 1973), silver
(US $45/1b. in December 1973) and others, all assumed at an average price of
US $#1.50/1b or US $3,300/ton. This assumption would be meaningless for nodules
containing platinum.

/...
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ventures.127/ Many of the earlier estimates tended to be rather high.
Uncertainties and unknowns were generally allowed for with large upward margins
against errors. This caution is understandable given the novelty and complexity
of nodule systems. For instance, nodule density, the topography of the ocean
floor and the efficiency of the gathering apparatus (mining head) will influence
mining costs. And so will the water depth and the efficiency of the system to
1lift the nodules from the ocean floor to the mine ship. The size of ore carriers
and the round-trip distance between mine site and processing plant will determine
the transportation cost.

But it is the processing cost that has probably caused the widest variation
in total cost estimates. Tt is obvious that the metal content in mnodules, plant
capacity (daily throughout)and the specific circumstances of plant location
(distance from port, environmental constraints, labour costs, cost of reagents and
other inputs) will all influence the cost of processing. It seems, however, that
the assumptions on the specific metallurgical processing system used for the
estimates are the single most important reason for the high cost figures generally
suggested. Estimates of processing cost based on pyrometallurgical treatment

127/ John Mero, The Mineral Resources of the Sea. (Elsevier Publishing, N.Y.,
1965), pp. 313 ff.

P. E. Sorensen and W. J. Mead, "A Cost-Benefit Analysis of Ocean Mineral
Resource Development: The Case of Manganese Nodules”, American Journal of
Agricultural Economics, Vol. 50, No. 5, December 1968, pp. 1611-1620.

A. Kaufman, "A survey of the Economics of Ocean Mining", paper prepared for
the U.S.-Japan llarine Mininr Panel Joint HMeeting, Tokyo, 13 March-3 April 1970.

F. L. La Que, "Deep-Ocean Mining: Prospects and Anticipated Short-Term
Benefits™, in Ocean Enterprises, an occasional paper published by the Center for
the Study of Democratic Institutions, June 1970, pp. 17-27.

G. L. Hubred, "New slant on the economy of manganese nodules", Ocean Industry,
August 1970, pp. 26-27.

G. E. Bollow, "Economic Effects of Deep Ocean Mineral Exploitation", Master
Thesis for the Naval Post-graduate School, 1971.

H. J. Meiser and E. Muller, "Manganese nodules - a further resource to cover
the mineral requirements?’, in Meerestechnik, No. 5, October 1973, pp. 145-150.

John Mero, "Potential Economic Value of Ocean~Flcor "'anpganese Nodule Peposits",
in Ferromanganese Deposits of the Ocean Floor, (ed.) D. R. Horn, (National Science
Foundation, Washington, D.C., 1972).

G. Claus, "Theoretical and Txperimental Investipations of Deep Ocean Mining
Systems and Their Feconomic Evaluation”, 2nd International Ocean Development
Conference, Tokyo, 5-T October 1972: pp. 1925-1955.
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are around US $50 per ton of dry nodule, 128/ ond those on hydrochlorination at
around US $30. 129/

The actual costs of mining, transporting and processing the nodules and
marketing the metals produced will only be known after the first production unit
starts operation. FEven then, costs are likely to decrease as efficiency of
overation improves and also as the industry develops more advanced systems. At the
present time, any estimate of costs must be viewed with care. The task has been
made somewhat easier by the recent disclosures of two American companies., Officials
fror: Deep-~Scn Ventures Inc. published 130/ a ranpge of estimates of capital )
costs and total operating costs for several sizes of production units, which is
reproduced in figure 7. They indicated that for their own organization an
economic model was used that permitted them to estimate the cost of investment
and operations with considerable assurance. For other sizes, however, the range
of estimates provided in figure 7 was based mostly on the estimates of others
adjusted within 50 per cent to 400 per cent depending on their evaluation of the
reliability of the third party's figures. It can be inferred, therefore, that the
actual estimates of costs for the type and size of operation planned by Deepsea
Ventures would fall within the range shown in figure 7 for a one million ton/year
production unit. The range of estimates for other sizes are crude approximations
of doubtful reliability.

The information provided by an official of Kennecott Copper, Inc. _31/
revealing. He suggested that the nodules could be gathered at the ocean floor and
lifted on board ship for about US $6 per ton.;§§/ The transportation costs to shore
would run between $3 and %6 per ton.l33/ Metallurgical processing could be done
for between $10 to $15 or between %12 to $18, depending on whether or not strict
environmental régulations were wenforced. He summarized that the average cost could
be about $9 per ton of nodule delivered at the shore plant plus $13 for processing
for a total of $22 per ton. He suggested that to be on the safe side a range of
%20 to ©30 per ton could be used.l3%/ Dubs also indicated that total investments to

123/ Meiser and Muller, op. cit.
120/ Rothstein and Kaufman (1970), op. cit.

130/ A. J. Rothstein and R. Kaufman, "The approaching maturity of deep ocean
nining - The pace quickens™, in 1973 Offshore Technology Conference Preprints,
pp. 323-34L.

131/ Mr. Marne Dubs, Director of the Ocean Resources Department, gave these
figtres during the question and answer period, following the presentation of his
paper '"Metal markets, economics and ocean mining', at the 9th Annual Conference of
the Marine Technology Society, held in Washington, D.C. during 10-12 September 1973.

132" This estimate of mining cost is in line with the estimates of G. Clauss,
op. cit. ($6.20 to $6.56/ton) for different hydraulic lift systems.

123/ Other estimates of transportation costs are: $4/ton (Mero), $L4.80/ton
(Clauss) and $6.30/ton (Sorensen and Mead).

134/ These figures are noticeably lower than the range of $35 and $55 derived from
figure 7 for an annual production of 3 million tons of nodule.
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Figure 7.

Capital and operating costs vs. production

(costs based on full stream production at outset)
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bring such a 3 million ton operation on stream would be between 250 to 280 million
dollars. OSince Dubs' figures apparently reflect the actual estimates of his
company's proposed nodule system they could be used for cost-benefit estimates of
a 3,000,000 tons mining operation.

A first approximation to the gross "profit" potential of nodule mining,
before the "take" of the authority (operational net revenues) is indicated in
table 10 which summarizes the estimates of gross revenues, operational costs and
total investment. It is not very likely that the low estimate of return on total
investment -~ as well as the high estimate - will actually be realized because its
computation assumes the most pessimistic assumptions in every case: low gross
revenue, high total operational costs and high total investment. This low estimate
of return (43 per cent and 54 per cent respectively for 1 and 3 million tons
operations), however, has the merit of sounding a cautious note for future policy
making. 135/

In the future, after the best nodule deposits are exhausted, ore bodies with
lower grades will probably be mined. By the same token, prices of some metals,
in particular cobalt, manganese and nickel, might also fall as the volume of nodule
recovery mounts. The impact of these developments on the profitability of the
nodule industry will probably be less serious than it might be thcught. The reason
is that investment and operational costs are also likely to fall. 136/

(c) The share of revenues of the international authority

The estimates of operational results computed above for the nodule industry
provide the necessary basis for a consideration of the possible share of revenue
for the Authority. The exact extent and form of this share will depend on the
nature of the régime and the manner in which the exploitation takes place.

The share of the Authority, whether in the form of profit participation or
taxation, should be effective in generating maximum revenues for the Authority.
Tt should also ‘induce the most efficient allocation of sea-bed resources among
potential sea-bed miners. It is well known in economic geology that the best grade
ore body of a region is several times more valuable than the '"average" ore grade.
The distribution and grade of nodule resources of the ocean floor, as on land, are

135/ These figures on the estimated return on total investment assume that
depreciation allowances according to standard practice were included in the cost
estimates given by the industry representatives mentioned. But even if that were
not the case, and an additional allowance of, say, 10 per cent over total investment
were made, the operational results would still be very attractive. For the one
million ton operation they would range from a low of 33 per cent to a high of 99 per
cent with a medium estimate of 53 per cent return. The 3 million ton operation would
also fare very well with returns ranging from a low of 44 per cent to a high of
84 per cent with a medium estimated return of 65 per cent.

136G/ It has been the experience of every major new industry that costs of
production tend to fall sharply once the industry matures (i.e. plastics, colour TV,
mini-computers, etc.).
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Table 10.

(e)

Estimated operational results of two possible sizes of nodule mining

units (millions of $US)

Estimated gross revenueﬁf
b /

Fstimated total costs—
. c/
Estimated net revenue—

Estimated total investment

Return on total investment

low (e) is:

v/

a/

1 million tons/year

High  Medium

188 170
76 66
1328 104
180 150

1002Y 694

Low

15k
56
768/

120

us%g/

3 million tons/year
High Medium Low

296 268 22
90 5 60
236/ 193 1528/

280 265 250

owgd 73z sug8/

&/ Using the figures of table 9 as medium, the high and low estimates were
computed as 10 per cent greater and 10 per cent lower than the medium.

b/ High and low from Rothstein-Kaufman (1 million tons) and Dubs (3 million
tons); medium is the arithmetic average.

¢/ High estimated net revenue (c) calculated as high (a) minus low (b): low
(c) as: 1ow (a) minus high (b)

@/ High return on total investment (e) is:
low (c¢) divided by high (d).
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very uneven. Some areas with high nodule concentration, high metal content, ideal
ocean floor topographic conditions and proximity to processing plants would be
considerably more attractive than the "average" nodule deposit. If allocation of
mine sites is made by some arbitrary means (first-in, first-served basis: random
distribution of ocean floor blocks to interested nations, etc.) some of the best
mine sites might be allocated to parties that may not even have the capability to
mine the nodules. Moreover, the authority would not receive any extra revenue
with the allocation of the choice mine sites, even if they were to go to the most
efficient producers.

Though the "'most efficient producer" is only a theoretical concept, it serves,
in fact, as a guideline in most schemes for allocation of mineral resources. The
method used is to auction the risht of exclusive exploitation to interested
parties. ;51/ Under an auction svstem the exrloitation ricshts for o riven site would

137/ The advantages of the auction system for nodule resources were described
by two authorities in mineral economics:

"The auction mechanism provides several advantages over a system that
awards rights to the first claimant or over a system that awards rights on the
basis of non-economic criteria. First, it helps to ensure that the most
efficient producers will get the exploitation rights. This is because the
exploiters with the lowest costs will be able to bid the greatest amount.
Under a "first-come, first-served’ arrangement, there is no assurance that
exploiters will be efficient. And under a system where non-economic criteria
are used to allocate rights, this, by definition, would award rights to the
less efficient. It would also tend to distribute wealth by awarding rights
rather than by providing shares in royalties and auction revenues.

Second, the auction mechanism provides the least arbitrary means for
choosing among competing elaimants. Competition among claimants may not be
great for the manganese nodules of the deep sea-bed for many years to come.
But eventually, as the demand increases for such resources, the competition
will become important.

Third, the auction mechanism approximetes a fair value for the
exploitation right much more effectively than any other system. The exploiter
bids no more than he feels he can afford. This permits him to take into
consideration the degree of risk attached to the operation, the value of the
market , and other economic variables. It also builds in a large degree of
flexibility and provides for an automatic response to the changes in
conditions of risk, market, etc. It can, and should be combined with royalty
vayments so that the world community can share in production values.’

David B. Brooks and Francis T. Christy, Jr., "Memorandum on Suggested
Operational Guidelines for an International Regulatory Authority for the Sea-Bed”,
in The United Nations and the Bed of the Sea (II), 21st Report of the Commission
to Study the Organization of Peace, New York, June 1970, pp. 29-30.
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be awarded to the highest bidder. Refusal prices and other conditions to protect
the public interest could also be imposed.

Tn summary, the determination of the take of the Authority should meet several
objectives: (1) maximize revenues for the Authority: (2) assure the necessary
financial incentives to attract capital and technology into the nodule industry:
and (%) promote the allocation of choice mine sites to the most efficient producers.
These objectives could be met by establishing the share of the authority as made up
of two component parts. The first component would be equal for all nodule mining
ventures and would be established at a level that would assure the necessary
financial incentives for the industry. The second component would be different for
each venture and would be designed to derive that extra revenue that interested
parties would be willing to pay for the right to exploit the choice mine sites.

(i) The basic component of the Authority's share of revenues

The basic component, common to all operations, could be determined in
several ways. It could be based on the right of exclusive access to the resource, as,
for instance, the payment of rental fees per square kiloraetre of area leased. 138/
It could be based on production, such as a royalty over the value of output, a levy
per ton of mineral recovered, or in a more crude form a fee per ton of nodule
mined. It could also be based on net revenues (profits) such as a tax over profits
or a direct sharing of profits in the case of joint-ventures with the Authority.
These three approaches are not mutually exclusive. On the contrary, they are often
combined in national legislations to reinforce each other in securing a fair share
of revenue for the government.

A take based on net revenues may assume quite distinct legal forms. In
financial terms, however, a 50 per cent tax on profits is essentially the same as
a partnership with equal sharing in the profits of the venture. This general
approach has been traditionally favoured by fiscal experts and business groups
because of its intrinsic flexibility. It permits the government and the business
entity to benefit equally in cases of exceptionally favourable market conditions
resulting in high profits.

The shortcomings of a tax on, or participation in, the profits (operational
results) of a business venture are mostly of an administrative nature. Computation
of "taxable' profits can easily become a highly contentious affair often resulting

138/ Concession taxes related to land area can be :pplied both to the exploration
and to the exploitation stages. They can include deposits providing a minimum
"ouarantee”" to the government if the concession is not explored or exploited. These
taxes seldom amount to an important share of the total take of the government. They
are pgenerally desipned to compensate the owner of the property that will be disturbed 3
by the mining activities. They serve, however, the important function of
discouraging speculation by concessionaries who are not interested in carrying out
the exnloration or commercial mining of the area. See J. N. Behrman, "Taxation of
extractive industries in Latin America and the impact on foreign investors™, in
P. F. Mikesell (ed.) Foreign Investment in the Petroleum and Mineral Industries
(Paltimore, the Johns Hopkins Press, 1971), pp. 56 ff.

00104



e

in disputes hetween the fiscal avthorities and the firm concerned. Despite tre
exvensive experience of advanced industrial countries in tax enforcement, it is
known that a number of procedures can be and often are used to reduce the magnitude
of taxable profits. The use of such procedures is particularly common where
multvinational corporations are involved and when some buying or sellins takes vlace
in mora than one country. 139/ These practices have been extensivelv described in
the literature and much attention has been given in recent years to their

control. 1hg/

If the share of the Authority is established as a tax on profits, exhaustive
reculations will be required on methods to compute taxable profits. The novelty
of an international machinery with fiscal powers would need to be studied closely.
It i1s obvious that most of the potential points of discord in the computation of net
revenuas could be avoided if the Authority itself were a partner in the sea-bed
minine venture and had an active role in management.

Taxes on prcduction or sales have the opposite characteristics of those
ievied on vprofits. They are much simpler to administer as the tax guidelines are
easier to determine, i.e., volume of vproduction or value of sales. On the other
nand, these taxes are not very flexible to changes in operational conditions. When
prices reach very high levels the enterprise is able to reap much higher net

130/ The United Wations renort, Multinational Corporations in World Development

(ST/ECA/190 - New York, 1973), summarizes in a section on profit management
{np. 34-35):

"Dividends and royalty payments are not the only means whereby
rultinational corporations vithdraw profits from a foreign subsidiary. Profits
can be recorded in other units of a global system, including holding companies
located in tax havens, through control of the transfer prices for goods and
services supplied by the parent company or exports to other affiliates.

"The importunce of these contrecls in influencing the net profit before
local taxes depends largely on the proportion of total purchases and sales
tied to other arfiiliates. Drices charged for tied imports have been shown in
some instances to be Tar above prevailing "world” prices, and conversely those
for exports have been below world prices. As already noted, overpricing,
varticularly for wholly-owned affiliates, has been used as an alternative to
royalty payments. Conziderable variation exists, however, in the amount of
overpricing or underpricing and its over-all frequency is not known.'

1in/ For an indepth analysis of multinational practices to reduce tax liability
in host countries, the reader 1s referred to: J. S. Arpan, International
Intercorporate Pricine (Wew York, Preeger, 1971); United Nations, 'Establishing
transfer prices in allocation of taxable income among countries™ (ST/SG/AC.8/L.3 -
lew York, 1973); and J. Schulman, “Transfer pricing in multinational business'’,
D. B. A, thesis, Harvard University, 1967.

/...
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profits than it would be possible with a tax on profits. When operational
conditions are unfavourable due to fall in sales revehues or sharp increases in
costs of production actual profits are sharply reduced or even wiped out: in such
cases, the payment of royalties mipght constitute an excessive burden to the
enterprise. For this reason royalties are generally set conservatively at levels
compatible with the likely financial position of firms during unfavourable vesars.

But the question still remains: what could be the actual share of revenues
of the authority that would meet the requirement of providing the necessary
incentive for the industry, namely guaranteeing at least a 15 per cent return on
investment for nodule ventures? The determination of such shares - whether based
on gross revenues or on net revenues - generally requires detailed studies on the
likely operational results of the industry. The dsta available for the c¢stimates
of revenues and costs of the future nodule industry uzed in this report are clearlv
of a preliminary nature. Therefore, the figures presented must be understood
as first approximations requiring further refinement.

From the figures in table 11 it could be tentatively concluded that a possible
share of the Authority at 30 per cent of gross revenues (sales) 1hl/ or 50 per cent
of net revenues (profits) would still make nodule mining a rather attractive
commercial proposition even consideving the risks inherent in a new industry.

The medium estimate of return on investment after payment of the Authority's

share is gquite similar for both methods: for the 1 million tons operation 35 per
cent and for the 3 million tons size 43 per cent and 36 per cent. As expected,
the range between high and low estimates of operational results is much wider for
the 30 per cent share over gross revenues than for the 50 per cent share over net
revenues, regardless of the size of operation. The limiting point is the low
estimate of return (18 per cent) for the 1 million ton size with the share of the
Authority set at 30 per cent of gross revenues. The 3 million ton oreration would
seem to fare considerably better: the low estimated return would be 28 per cent
with payment of a 30 per cent share on gross revenuss, and 27 per cent with a share
of 50 per cent on net revenues.

The method of financing total investment will also affect the overational
results of the equity capital invested in the nodule venture. Industrial and mining
companies generally borrow a substantial proportion of their total capital
requirerents for a new venture. This prorortion mey be as hirh as Q0 ner cent in
exceptional cases. It would seem reasonable to assime that firms from advanced
countries would probably borrow at least 50 per cent of the total capital

141/ A share of 30 per cent of gross revenues may seem vather hiph at first sight.

In many countries royalties of up to 20 per cent {Mexico end the United Stotes) are
rayeble over the value of mineral output. In the United Statez draft Convention con
the International Sea-Bed Area it is proposed that miners should pay the Authority
the equivalent of 5 to Lo per cent of the gross value nt the site of oil and ras
and 2 to 20 per cent of the sross value at the site of other minerals (appendiv 2.
Yo. 10.2). Tt must be recalled, however, that the "take" is rade up of royalties
plus concegsion fees, incore taxes, and other charges.
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Table 11. Estimated operational results of two possible sizes of nodule mining

operations after payment of two alternative shares of revenues to the

Estimated n
paynment o
share:

Possible sh

Authority:

30% share
revenue

50% share
(profit

Estimated n
payment o
share:
with 30%

revenue

with 50%
revenue

Estimated r
investmen
of Author
with 30%

revenue

with 50%
revenue

Source

1

Authority
(in millions US dollars)

1 million ton/year 3 million ton/year

High Medium Low High Medium Low

et revenue before
f Authority's
132 104 78 236 193 152

ares of the

over gross
(royalty) 56 51 L6 89 80 T2

of net revenue

split) 66 52 39 118 96 76

et revenue after
f Authority's

share over gross

75 53 33 146 113 79

share of net

66 52 39 118 96 76

eturn on total

t after payment
ity's share:
share over gross

63% 35% 18% 58% 43%  28%

share of net

55% 35%  22% 47% 36%2  27%

: table 10.
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requirements for a nodule mining venture. 142/ Borrowing will improve the return
on equity as long as the rate of interest payable is less than the rate of return on

total investment. 143/

The calculations of return on equity investment shown in table 12 are based
on the assumption that the liability over borrowed capital would rest with the
original investor. These computations show that the return on equity investment,
even in the case of the low estimate, would seem quite attractive with either
method of determining the Authority's share. Return on equity appears to be most
attractive (over L4 per cent) for the larger size of operations (3 million tons of
nodules per year). 1lhL/

————

142/ The practice of multinationals is quite interesting:

"The capital structure of a newly established subsidiary generslly has a
large proportion of locally raised debt if it is a joint venture, much less
if it is wholly-owned. Studies of United States investment in Australia and
Japan have shown that contributions of technology are likely to be capitalized
in joint ventures, but not in wholly-owned subsidiaries. This difference
may partly explain why wholly-owned subsidiaries have generally reported a
higher return on bock equity than joint ventures. Turther differences in
financial policy are evident, especially in the early years of existence:
vholly-owned subsidiaries are provided with special support services at low or
zero cost; royalty payments are temporarily forgiven; dividends are postponed.
On the other hand, in later years, parent companies expect to be able to move
funds between subsidiaries on demand."

United Nations report (ST/ECA/190), op. cit, p. 35.

143/ The ligbility for interest payment is also important if the share of the
Authority is based on net revenues. The interest payment can be treated either as a
ligbility of the nodule venture or of the parent company providing the equity capital
and technology. In the formwer case, the Authority would effectively be subsidizing
half of the cost of borrowing if the share of the Authority amounted to 50 per cent
of net revenues. Conversely, it might be interpreted that in joint ventures the
Authority would enter the partnership with the resources of the international
community while the associated enterprise would provide all the capital and
technology required. In that case, the liability for payment of interest and
principal would lie with the original investor and not with the joint venture itself.
This problem would not occur if the share of the Authority were based on gross
revenues.

1hh/ It is assumed in these calculations that the nodule mining companies would
not be subject to additional national corporate taxes on their profits. Since
industrial countries provide for tax credits in their fiscal codes, the domestic
tax liability of these companies might in fact be negative. The companies might be
able to claim some deduction on their domestic taxes from other operations,
equivalent to the difference between their payments to the Authority and the tax
they would have paid if the nodule industry were entirely of a local nature. As is
well known, mining companies in industrial countries generally benefit from special
tax advantages (depletion allowance, accelerated dcpreciation, ete.), that tend to
reduce their tax liability.

[
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Table 2 '. Estimated return on equity investment (50% of total investmont) of two
possible sizes of nodule mining operations {assumed interg;t rate cn
borrowed funds = 10%)

(in millions of US dollars)

1 million tons 3 million tons
High Medium Low High Medium Low
- Net revenue after payment of Authority's
share:
- as 30% of gross revenue 75 53 33 146 113 79
- as 50% of net revenue 66 52 39 118 96 76
Interest vayment = 10% over half of total
investment 6 8 9 12 13 14
Net revenue after interest payment
- with 30% share of gross revenue 69 45 2k 134 100 65
- with 50% share of net revenue 60 LY 30 106 83 62
Estimated return over equity (half of
total investment)
- with 30% share of gross revenue 115% 60%  2T% 107% 75%  L6%
- with 50% share of net revenue 1007 59%  33% 85% 63%  LLZ
Source: +tables 10 and 11.
/..
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(ii) Auction of mine sites

A second component of the Authority's share of revenues in nodule mining could
be derived from auctioning the mine zites. Ar auection system to be effective would
have to take into account the rather small nurber of enterprises actively engaged
in developing nodule systems. The numerous precedents in auctioning offshore
blocks in the o0il industry might be helpful in designing aprropriate procedures for
the nodule industry.

The first iSsue in a possible aucticn system would be the choice of sites which
would be opened for bids. In the oil industry the appropriate agency of the
government determines the specific blocks of its continental shelf to be offered in
auction. It decides on the delimitation of the blocks and their exact location.

This procedure might hsve seriouvs disadvantages in the nodule industry, particularly
in the initial years, since the international authority would have limited knowledge
of nodule distribution. Moreover, such procedure would unduly penalize the companies
that have spent large sums prospecting the ocean floor for the most desirable
potential mine sites. Instead, it might b2 preferable to permit the interested
parties to indicate the specific locations on vhich they wish to bid. In that case,
the Authority could set a deadline to receive notifications of one possible mine site
from each interested party. ©Ou the predetermined date, the Authority would publicize
the specific iocatlons of the ocean floor for which it would entertain bids a few
months latem‘ th/ . "

The obvious question, however, is vwhether there would be any real competition
for mine sites. It might be argued that, since oaly a few (6 to 8) enterprises
or groups seem to be actively engaged 1in d@veloplng nodule systems, these groups
might arrange 'among themselves not to vid on each other's sites. Two factors would
minimize this danger. First, the number of companies or groups potentially
interested in nodule mining is guite larse. In fact, it might be said that the

1&5/ The queatlon of whether tc establich 2 world-wide grid for potential sea-bed
mining blocks is discussed below in saction 17I.7 on conservation of nodule
resources.

| /e
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majority of large oil and mining companies in the world are potentiallv interested
in sea-bed mining. l§§/ It seems reasonable to expect that once nodule mining 1is
proven to be commercially viable many other firms will enter the industry.

The second factor that would enhance the chances of competitive bidding is the
possibility that some form of control over the pace of nodule development might be
adopted. If the Authority adopts a system of control similar to the one discussed
above (ITI.3.4), a certain volume of nodule mining would be authorized each year.
Using the figures presented in table 7 as an example, by 1976 the Authority might
authorize projects to mine approximately 2.7 million tons of nodules. Assuming that
1976 would be the first year of provisional entry into force of the international
régime, at that time it is likely that all the T or & most active groups would try
to obtain authorization to go ahead with their programmes and at the same time
assure the exclusive exploitation rights over their desired sites. Considering
the likely sizes of operation, these groups might request authorization to mine an
annual volume of 19 to 22 million tons of nodules, or approximately 6 to 7 times as
much tonnage as may be granted that year. The companies in that case would have to
include in their bide - particularly in the first few years - a factor for vriority
over time 147/ as well as priority over a specific mine site.

146/ This interest can be seen in the participation of 32 firms from 6 countries
(United States of America, Canada, France, Federal Republic of Germany, Australia
and Japan) in the CLB system tests of 1972. These firms paid a minimum fee of
$US 50,000 to participate in these tests. It seems likely that a number of other
firms might enter the nodule industry by means of "purchased technology”. The
multinational groups established so far are primarily aimed at a co-operative
development of technology. It can be expected that once a nodule system becomes
operational, one or more members of that group might be tempted to operate alone.
One additional factor in the possible future expansion of the industry is the
programme cof Howard Hughes. His nodule mining system, presently undergoing tests
in the Pacific Ocean, may be available to other interested parties. In fact Summa
Corporation has not yet finslized its plans for the commercial stage of nodule
exploitation. A number of alternatives are under consideration: (a) to mine and
process the nodules alone; (b) to set up a joint venture with a firm, or firms,
exverienced in metallurgy and marketing: (c) to mine nodules for sale to other
parties: and (d) to build and sell complete nodule mining systems to interested
rarties.

147/ It might be countered that these 7 or 8 groups would attempt to arrange among
themselves a time schedule as well as an agreement not to bid on each other's claims.
The likelihood of such arrangements is not very great because of the importance of
the time element in business and the difficulty to enforce such an apgreement in the
face of so many unknowns. For instance, company X that would be accorded priority by
the other firms for the first year might disclose a mine site with such ideal
conditions that one or more parties to the "gentlemen's agreement' would he tempted
to repudiate the arrangement and try to obtain control of that site with a high bid.
Moreover, the other several dozen potential nodule miners would also have a role to
vlay in assuring the competitiveness of an auction system for sites. These
latecomers could take a short-cut and instead of spending several million dollars
over several years in explorvation programmes, might simovly spend equivalent -sums as
their bid prices for the choice sites that would be disclosed by the leaders in the
industry.
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The nature of bids would need to be determined if an auction system is adopted.
Two basic possibilities could be contemplated, namely the full payment of a certain
sum which would constitute the bid price (as in the o0il industry) or the offer to
make payments larger than those statutorily determined, over gross or net revenue,
once production commences,lﬁ@/ Each method has advantages and disadvantages. & cash
price for a site has the advantage of simplicity; the site would simply go to the
highest bidder. The cash price has also the advantage of discouraging speculators
from sitting on choice sites, though speculators can also be discouraged by the
establishment of minimum work requirements (a schedule of minimum annual
expenditures) and by surface rental fees. The disadvantage of the cash price is that
it increases the financial burden of getting started in the nodule industry. As a
result, the miner will attempt to raise the cut-off grade of the ore body and to
speed up production schedules. 148/ These procedures do not lead to good resources
conservation practices.

Bids offering additional participation in gross or net revenues by the
Authority would avoid some of the disadvantages of cash prices. On the other hand,
they would be quite complex to evaluate. Decisions on "the best bid" for the
Authority could lead to contention depending on the method of evaluation of bids.
For instance a bid offering 4 per cent additional royalty might in fact be more
attractive for the Authority than a bid offering 5 per cent depending on the
prospective schedule of cash flow for both projects and the rate of discount used
for the purpose of project evaluation. l&g/ 85ti11 another alternative is the
combination of royalty and bonus in the auction system. 150/

In conclusion, it could be said that the revenue potential for the Authority
from nodule exploitation is gquite attractive. A prerequisite for the determination
of the take of the Authority is an agreement on the type of régime to govern the
exploitation of nodules. The formulation of an ideal, or a desirable, take would
ornly be possible after a decision is made on "who may exploit the area" and "in
what form the exploitation may take place". Once this decision is made, further
studies on the economics of nodule mining would be necessary to determine the most
appropriate levels for each component of the take of the Authority.

148/ See A. P. H. Van Meurs, Petroleum Economics and Offshore Mining Legislation
(Amsterdam, Elsevier Publishing Co., 1971) pp. 87 ff.

149/ See United Nations, Manual on Economic Development Projects, (58.1I.G.5)
New York, 1958; and O.E.C.D., Manual of Industrial Project Analysis in Developing
Countries, Paris, 1969.

150/ "It may be that because of the high levels of risk and uncertainty in much
of the public domain land, the optimum leasing system might include a combination
of royalty and bonus bidding”, J. W. Sprague and B, Julian, "An anslysis of the
impact of an all-competitive leasing system on onshore oil and gas leasing revenue”,
Natural Resources Journal, July 1970, pp. 515-531.

R

o 00112



6. Preservation of the marine envirconment

Despite the universal azres cint on the necd for measures to preserve the
marine environment in all activities of exploration oif the international area
and exploitation of its resources, the translation of this principle into
practice offers a number of difticulties., The vroblem centres on the definitigg
of what constitutes an interference witih the ecolesical balance of the marine
environment. It is on the bssis of such dedfinition thet operational standards
for activities i1n the area could be established.

The amount of resgearch on the deen sea envirvenr-nt is almost neglisible
compared to the multitude of prograwmiss concerned wit.: vhe ecolopical processes
of the shallow coastal envirenment, But even in the Jathter case, scientists are
far from unanimous in their opiniors as to whelhey certain specific activities
interfere significantly with the ecolorizal balsnce of the marine environment.
It is obvious, therefore. that at the moment there is a serious gap of knowledge
on the ecology of the deep oceans. Though some recearch on the environmental
impact of nodule mining has been carried out in the United States, 151/ and the
United Nations has commissioned & stidy of this sobjsct, the data existing at
present would not be sufficient to wsteblisnh detalod =nvironmental standards.

Most of the environmental ohservations radae so for were based on the
intaz;ittent operation of vrototyoe liftine sysuems in relatively shallow
waters - under 1,000 metres depth. The ecolosical impact of the operation of a
large minjﬁt system in 4,000 to 5,000 metres water looth, and in some cases
800 miles From the nearest lsnd, will probably only be uassessed in its entirety
when commerc.a: operations have peer under way Yor sore time., Moreover, the nature
of bottom se¢dinents and beathic life is Jikely to vary from site to site. Ocean
currents throusbout the water columm snd water choraeteristies (temperature,
salinity, ete.) might also be differeat d=rendins nn the location. Last but not
least, the particular methods of minin» and sevaration of sediments will have
different impact on the venthiz snd welazic environments. TFor instance, the
continuous line bucket (CLB; systen i+ disiened te brins only the nodules to the
suirfate. The hydraulic and airlith wampine systews . on the other hand, will
transport large guantities of cold Lonton weter (rich in nutrients) as well ac
sediments to the warmer watevs at the surface. 159/

151/ See: T. C. Malone, C. Garsi?e and D. S, Foels, "Potential Environmental
Tmpact of Manganese-Nodule Minins in the Deep Sea”, in 1973 Offshore Technology
Confeerence Preprints, vol. I, pp. 129~135' C. G. Wellinr, "Some Environmental
Factors Associated with Deev Ceean Minins', Bth Annual Marine Technology Society
Meeting, 1972; A. F. Amos, C. Garside, K. C. flaires snd O. A. Roels, "Effects of
Surface-Discharged Deen Ses Minine i fluent” . Jouwrnal of Marine Technolory

Society (1972) 6, To. b, pp. LO-h5.
152/ T. C. Malore, ., Garside and Do Roels, op._cit., p. 129,
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Given these circumstances, it might be desirable to determine the appropriate
standards for protecting the ecological balance in three stages. First, to
incorporate in the régime general principles for the preservation of this
environment and the competence to establish and enforce standards. As a second
line of defence, environmental impact statements could be required from all
companies and groups requesting contracts or licences to mine nodules. Finally,
the Authority could progressively develop detailed rules, standards and
regulations, based on its accumulated experience. lﬁ;/

The above considerations refer primarily to deep~sea-bed mining. It must
be borne in mind, however, that at present approximately 95 per cent of the ocean
pollution originates from vessels. 15.4/ Pollutants are primarily introduced into
the marine environment by collisions and other masritime casualties, loading and
bunkering operations, and operational discharges. The matter of standards and
regulations for these activities will be considered by the Third United Nations
Law of the Sea Conference, with particular reference to the work done by the
Inter-Governmental Maritime Consultative Organization.

T. Conservation of nodule resources

The concern for conservation of sea-bed resources expressed in the
Declaration of Principles reflects the fact that nodule deposits are among the
last mineral frontiers in our resource~hungry world. The concept of resocurce
conservation, however, is not always clearly understood. In a nutshell, "the
conservation of non-renewable resources is effected by rational, efficient use
and long-term exploitation plans, and by the prevention of waste through
inefficient production and treatment techniques or otherwise". 155/

The basic approach to resource conservation is to maximize the long~term
utilization of a resource. To this end the individual operator may have to be
discouraged from undertaking certain methods of resource exploitation that might
be commercially attractive in the short-run. Conservation methods with respect
to nodule resources would fall into two broad categories: (1) over-all
management of the international area and (2) regulation of mining operations.
The issues of resource conservation, with some alternative approaches for each
case, are presented in summary form in figure 8.

153/ Fcr effective protection of the marine environment, as for other policy
objectives, the Authority should be invested with sufficiently broad powers and
flexibility to adjust its standards and regulations to its accumulated knowledge
of the marine environment and to new circumstances with which it may be
confronted in the future.

154/ Competence to establish standards for the control of vessel source
pollution, wnrking paper presented by the United States of America, document
A/AC.138/SC.TIIT/L.36 (1973).

155/ United Nations, Natural Resources of Developing Countries: Investicntion,
Development and Rational Utilization (New York, 1970, document E.70.II.B.2), ». 29.
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Figure 8. Summary presentation of issues and alternatives
relating to sea-bed resource conservation

Management of the international area

1. Decisions relating to space (surface boundaries)

(a) Over-sll subdivision of the international area

{i) On an ad hoc basis as requested by sea-bed miners
(11) According to master grid
(b) Size of individual blocks
(i) As requested by miners
(1i) Egqual size for all blocks

(iii) Varisble sizes pre-determined by grid
~ blocks of one degree square as defined by meridians

- size determined b& geological, morphological and other considerations
2. Decisions relating to time
(a) Reservation of areas for future uses
(1) Area returned to Authority (3/4 of initiasl area authorized for exploitation)
(1i) Alternative bands with width of 2 degrees of longitude running from pole to pole
(iii) Discretionary decision by the Authority

(b) Annual authorizetion of surface area, or nodule tonnage, for exploitation
(i) No limits ~ as requested by interested parties

(ii) Controlled nodule development based ‘on principle of complementarity with land-
based production

(e) Duration of exploration and exploitation permits - work requirements

Regulation of mining operations

1. No minimum recovery efficiency required
2. Control aimed at avoilding wasteful mining methods
() Unmined areas of blocks
(i) Unminsble zones - topographic berriers
(ii) Areas with nodules below "cut-off" grade
(b) "Sweep" efficiency
(1) Limited manoceuvreability
- Continuous Line Bucket (CLB) system
- "Vacuum cleaning" (hydraulic) snd airlift systems
(ii) Extensive manceuvreability - bottom crawling devices

(c) Dredge efficiency
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It should be stressed that these issues are to a considerable extent
interdependent. Thus, a given strategy of resource conservation would take
account of each one of these areas. For example, a master grid for the
international area with blocks of 50 km x 50 km (2,500 km2) could be established:
every two adjacent rows of blocks (100 km wide) would be available for
exploitation and the adjoining two reserved for future use; each enterprise would
be allocated one block for a certain number of years, subject to the metal
production plan approved by the Authority. This hypothetical approach would
resolve the over-all subdivision requirement for the internstional area and the
size of individual blocks, while automatically reserving half of the best mine
sites for future use. It would facilitate the control of nodule development so
as to minimize the possible impact on developing countries exporters of minerals.
It would prevent the speculative holding of large areas of top grade nodule
deposits by a few operators, while at the same time, minimizing the need for
detailed work requirements (the usual means of discouraging speculative holdings).
Finally, it would provide an intrinsic regulation of minimum recovery efficiency. l§§/

Management of the international area, from a resource conservation point
of view, will require decisions with regard to space and to time. The spatial
or geographical question has many similarities with the offshore oil industry.
The two basic elements in the equation are the subdivision of the international
area into "blocks", or potential mine sites, and the size of these blocks. Two
alternatives are possible with respect to the subdivision of the area. The first
is simply to leave it to the interested parties (the nodule miners) to indicate
the shape and specific location of desired blocks. This approach makes over-all
resource management more difficult and way lead to some waste since the area
left between the chosen blocks may be of such odd shapes and small size as to
meke its exploitation unattractive. This situation can be visualized in the
hypothetical case A in figure 9, where a substantial buffer area might be left
unused.

The other approach is to subdivide the international ares in a rather
homogeneous fashion as is generally done for the offshore oil industry. This
would mean the establishment of a grid with parallel blocks of the same shape.
The grid could be either of a global character with all blocks similarly defined
by geographic co-ordinates, or of a more regional character, where the size of
blocks would vary according to the geomorphic characteristics of the sea-floor,
latitude, nodule density and grade, etc. In the hypothetical example of figure
9 B, the grid would be based on meridians of latitude and longitude. This
rather simple and straightforward case would result in progressively smaller
blocks with distance from the equator, as can be seen in table 13. The desirability
of such a master grid would depend on considerations about the most appropriate
block size.

156/ For example, an enterprise wishing to mine 3 million tons of nodules per
year could be notified that only after five years of mining activities would it be
granted another block; if the nodule density at that site were known to be about
L 1b. per square foot, or a total of about 50 million tons for the whole block, it
means that after five years of exploitation some 15 million tons of nodules would
be recovered, representing an implicit recovery efficiency of 30 per cent,
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Figure 9. Two hypothetical cases of subdivision of the
International Area

A. Internationsl Area subdivided

on an ad hoc basis with blocls
shaped as reguested by nodule
niners

>
2L 1

£

e

A OE
I
e

0O

International Arca subdivided

with a slobal
grid bvased on meridians of
latitude and longitulds
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manle 13. Arca of one-desrce cquare blocks (in square kilometers)

o]

Latitude Area in Mnhﬂ loatitude Area in km2 Latitude Ares, iﬂ_ﬁﬁﬁ
o°- 1° 12,307 30°- 31° 10,643 60°~ 61° 6,12
1°- 20 12,305 1% 30 10,53% 61°- 62° 5,03¢
29 40 12,000 309 33° 10,422 52%--63° 5,75
3% " 12,247 53% 3u° 10,307 63%- 64° 5,552
1O ¢? 12,773 3% 35° 10,189 640~ 65° 5,358
5% ¢° 10,054 35%- 36° 10,067 65% 66° 5,162
5o 7° 12,232 36%- 37° 9,042 66°- 67° 4,96k
7% §° 12,507 370~ 33° 9,815 67°- 68° 4,765
BY. 2,176 36% 307 9,684 68°~ 69° Iy, 564
5% g 10,145 36% L0° 9,550 69°- 70° Y

109 11° 12,100 b= m° 9,41l 0% 71° 4,159

u°- 1 12,069 n1%- i2® 9,27k 71°- 72° 3,95k

12% 25° 12,005 4%l 1y3° 9,132 729, 73° 3,747

1:%. 31° 14,000 3% 130 8,956 73% 74° 3,540

1% ag” ENE2s L 8,338 o= 75° 3,331
501t 11,473 b%a 560 8,687 75°% 76° 3,121

267 177 11,315 [TASEY 8,53k 76%~ 77° 2,910

17% 16° 11,754 470 5% 8,311 7%~ 78° 2,600

13%- 15° 11,659 487 1y 8,213 76°- 79° 2,48

197 2% 11,62 49% 50 8,057 75°- 80° 2,273

20°- 21° 11,540 507 517 7,893 80°- 8:° 2,058

21°. 22% 12, L7k 51°.. 52 7,726 81°- 82° 1,84k

200 23° 131,705 0% 530 7,557 82°- 83° 1,620

>¢7. 2® 11,313 537 5° 7,386 83%. 84° 1,h12

oO. neV 13,227 54°%. 55° 7,212 8L°- 85° 1,196
259 25° 11,130 55°.. 55 7,036 85% 86° 970
260 2 13,048 565 57° 6,358 36°~ 87° 762

27°%- 2.° 10,950 579 58° 6,678 87°- 86° 5hk

220. 20° 10,353 58%- 55 6,495 80°- 89° 327
9% 39° 10,749 59°- 60° 6,310 89°- 90° 109

Source: enrrunihicai Conversion Tables (Zurich, Amirnn and Schick, 1961),
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A muber of factors have to be taken intc account in the determinaticn of
mine-site size for the nodule industry. The consideration that is generally
advanced is that the mine size must be sufficient to provide the necessary nodule
tonnage for the normal operation of the mining equipment and processing plant
during their expected lifetime. It is reasonable to expect that in most
industrial countries, these facilities would be depreciated in less than 10 years.
Since nodule mining is a new industry at the beginning of its development, it
can be expected that its rate of technolegical progress will make for a rapid
obsolescence of plant and equipment. 1f the size of the mining blecks is to be
deterrined so as to provide the necessary feedstock througnout the lifetime of the
vrajeet, it seems that this period could be arbitrarily defined within the span
of 1C to 20 years. The need of sufficiently large mine sites for this purpose
is strongly questioned by one company developing nodule svstems., International
Nickel Co. 157/ has proposed thal esch licensee be rranted exclusive rights of
access over an area of 2,500 kmz, with a buffer zone of at least 5 km left between
blocks to prevent encroachment. These smaller mine sites would prevent a
speculative "land grab” by a few companies. Once the nodule depouits of one site
have besn depleted the miner would be granted snother block, which could
conceivably be one adjoining to the first one.

The problem of determining an "appropriate" block size is compounded by the
fact that nodule density and grade change from site to site. Moreover, recovery
afficiency of the different mining systems under develorment may vary considerably.
Given these factcrs, three alternative approaches regerding mine size ave
possible: (a) variable sizes as requested by the sea-bed miner; (b) a standard
size for all blocks regardless of locality or proposed production capacity: and
(c¢) variable sizes predetermined by master grid.

An indication of what might be the c¢laims of future nminers as to the size
required for their projects was given in a vaper prepared by officials of two United
tates companies. 158/ Using & comprehensive formula, the authors estimated
that within the range of assumptions suggested for the variables in their formula,
the tract area with an average density of 1.5 1b. per square foot, required for
an annual production of 3 million tons of dry ncdules over 20 years could range
from 32,668 km to 127,043 km©. While the proposed formula seems mcst useful, the
essumptions used for the calculations would have to be critically examined as to

157/ INCO, "An Approach to Internationzl Regulation of the Recovery of Deep
Sea Ferro Manganese Nodules”, mimeograph, January 1973.

158/ J. Ii. Tlipse, i, A. Dubs and N, J. CGreenwald, "Preproduction Manranese

Nodule Mining Activities and Requirements", in Mineral Rescurces of the Deep
Sea~Bed, op, cit., 15 March 1973.
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their applicability to the real situation of nodule mining. 158/ It seems
reasonable to assume that nodule miners would want to obtain control over as larrce
an area as possible of hop grade sites.

The other aspect of management of the international area for resource
conservation relates to the time element. The issues involvad are: (a) reservation
of areas for future use; (b) annual authorization of surface area, or nodule
volume, for exploitation and (c) the duration of exploration and exploitation
permits. This last point is a comwon feature of all mining legislation and is
generally associated with work requirements for the periods in question so as to
prevent speculative holding of sites. The possibility of setting up a programme of
controlled nodule development with maximum annual authorization of a certain
tonnage of nodules for exploitation would depend on the nature of the régime and
future decisions of the Authority. This question is discussed at greater length
in section III.3 above.

The reservation of areas for future use is a question having to do as much with
equity as with resource conservaticn. It is generally agreed that in the absence
of rules to the contrary a handful of firms from the most advanced countries could,
in a few years, acquire rights over the best mine sites throughout the world's
oceans. Later comers - developing countries as well as the small industrial
countries - would have a very limited role to play, if any. This, cf course, would
apply if resource exploitation is carried out directly by the interested parties
through licences. It has been suggested, therefore, that it would be in the
interest of the world community at large to reserve part of the best nodule sites
for future use.

This objective could be achieved in three different ways as illustrated in
figure 10. One possibility would be to reserve three quarters of the initial
area granted for exploration for future use; the nodule miner might then be
requested to return this part to the Authority upon commencement of the exploitation
stage. This approach is likely to guarantee quite attractive sites for future
generations of miners since the quality of nodule depcsits is rot likely to vary
greatly from that of the adjoining sites retained by the initial miner.

If the Authority establishes a master grid based on meridians, another
possibility would be to hold for future use alternative bands with a width of 27 of
longitude running from pole to pole. This method would automatically divide the
ocean floor into adjoining areas which could be exploited in the first years and
those that would be reserved for later use. TFor example, it is known that the
most extensive and interesting depcsits of nodules are in the North Pacific lying

157 It is interesting to note that the bill prepared by the American Mining
Congress propos;ag interim legislation for deep sea-bed resources and which is
presently under consideration by the United States Congress indicates that
exclusive exploration rights should be granted over an area of 40,0C0 km®. A
provision is m-de that once exploitation starts, the miner would retain 1/L4 of
the area (10,000 km€) returning the remainder 3/k to the "international registry
clearinghouse”.

00120



Figure 10 f{hrece possible anproaches to the reservation of areus for futara usi
(The area shaded would be reservoed for tie aten)
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in an east-west band between 6°N and 20°N and extending from 110°W to 130%. 160/
If alternate bands of 2° longitude were drawn over this general area, it can be
said that, half of the best mine sites, in principle, would be avsilable for
exploitation while the other half would be held in abeyance for future use.

A third method would be a discretionary decision of the Authority regarding
general areas which might be made available for exploitation, therefore hclding the
remainder of the international sea-bed area for future use. This approach is the
one generally adopted by coastal countries for offshore hydrocarbon resources. The
difficulty in applying this approach to the management of deep sea-bed resources is
that knowledge about the precise location of high grade nodule deposits is limited
to the few companies that are actively engaged in nodule exploration programues.

In a more strict sense, resource conservation is aimed at the actual regulation
of mining operations. The objective is to avoid wasteful mining methods which tend
to be adopted when a company holds the mineral right over a very large property.

In these cases, the company attempts to maximize short-run profits by mining only
the highest grade ores leaving behind ore which would be normally considered of
commercial recovery grade. But existing knowledge of nodule mining technology

is insufficient for the establishment of detailed regulations. The Authority,
"however, could set up minimum targets for nodule recovery below which no
exploitation activity would be permitted.

The desirability of setting up these minimum recovery targets is illustrated
By the examples in the paper "Pre-production manganese nodule mining -activities and
requirements”. 161/ 1In this paper it is estimated that with existing technoiogy,
nodule recovery might be as low as 9 per cent to a maximum of 35 per cent of the
total volume of nodules in place. The Authority might wish to consider whether it
would be in the long-run interest of the international community to permit nodule
mining operations which might leave behind 91 per cent of these important mineral
resources. Recovery efficiency is a function of several factors, the most important
of which are the percentage of total area that would remain unmined, the dredge
efficiency and the sweep efficiency of the system.

The unmined area of a block depends on topographical barriers on the one hand
and on nodule grade on the other. It is possible that part of an exploitation
block might contain nodules below the cut-off grade in which case this area would
not be worked over by the mining company. The paper suggests that 10 per cent of
a mine site is likely to contain nodules below the cut-off grade. ;§g/ It seems,
however, that if the block size is not excessively large only a negligible
proportion of the total area might contain nodules below the "cut-off" grade. Tpe

160/ D. R. Horn, B. M. Horn and M. M. Delach; Ocean Mangenese Nodules Metal
Values and Mining Sites, NSF Technical Report No. 4, Washington, D.C. 1973.

161/ Flipse, Dubs and Gr-ocnwald, op. cit.
162/ Inid.
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cut-off grade, of course, remains to be defined. As for the unminesble zones ,
vhich in the quoted industry paper are suggested to range between 15 - 25 per cent
of the total area, the applicability of these figures would again depend on the
size of the mine site. The larger the mine site - the paper considered mine sites
as large as 750,000 square kilometres - the greater the likelihood of a significant
proportion of the total area being covered with topographic barriers.

Dredge efficiency is the capability to collect the nodules lying within the
"sweep” of the minehead. The industry paper uses 3 assumptions: 30 per cent,

50 per cent and TO per cent. These assumptions probably reflect the capabilities
of the mining systems under development by Deepsea Ventures and Kennecott. In
their own words: '"At the present stage of development of the technology, it is
unlikely that ocean miners will be able to approach a pick up efficiency of
100 per cent". 163/

L]

The same cculd be said of the sweep efficiency. The industry paper works
with assumptions of L5 per cent and 65 per cent of the total mine site. Tt can be
visualized how difficult it will be to control the movement of a towed dredgehead.
This system will work like a giant vacuum cleaner with s suction head perhaps
15 metres wide (50 feet) dangling from the mine ship by about 5,000 metres of
semi-flexible pipe. Given the currents throughout the water column, even with
precise steering of the mine ship to a course exactly 15 metres varallel to the
previous run, the mine head at the bottom could be sweeping a new row anywhere
within a 150 metres path. One mining company, after several computer simulation
exercises, was forced to conclude that the best procedure would be to simply sweep
the mine site at random.

Given the stage of existing technology both dredge efficiency and sweep
efficiency must be rather low. But regulation of mining operations cannot be
logically based on a level of technology which is some 5 to 10 years prior to
actual commercial operations. It is obvious that considerable progress can be
expected from the leaders of the industry, such as TV monitoring of the mining
operations, sophisticated guidance systems for the dredge head and other devices.
It is also possible that mining systems with bottom crawling devices will become
operational, thus increasing both pick up efficiency and sweep efficiency.

163/ Op. cit., p. 655.
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Third United Nations Conference on the Law of the Sea:
Note by the Secretary-General of UNCTAD

1. The secretariat of UNCTAD has prepared a number of reports, within its field
of competence, on issues relevant to the business of the Third United MNations
Conference on the Law of the Sea. The Trade and Development Board has requested
that they be transmitted to that Conference, for consideration, and this rnote is
submitted accordingly.

2. It should be recalled that the question of mineral production from the
sea--bed first arose within UIICTAD as a result of General Assembly resolution

2750 (X¥V) of 17 December 1970, which requested the Secretary-General of the United
Nations to co-operate with the United Nations Conference on Trade and Development
(and other bodies) in order to:

"(a) Identify the problems arising from the production of certain
minerals from the area beyond the limits of national jurisdiction and examine
the impact they will have on the economic well-being of the developing
countries, in particular on prices of mineral exports on the world market;

"(b) Study these problems in the light of the scale of possible
exploitation of the sea-~bed, taking into account the world demand for raw
materials and the evolution of costs and prices;

"(c) Propose effective solutions for dealing with these problems."”

3. In accordance with that resolution, the UNCTAD secretariat co-operated with
the Department of Feconomic and Social Affairs of the United Nations secretariat

in the preparation of relevant studies, and reported on this co-~oneration to the
Committee on Commodities at its sixth session. 1In the discussion of this subject
at the Committee'’s sixth session, representatives of developing countries stated
that they attached great importance to the subject-matter of General Assembly
resolution 2750 A (XXV); that the co-operation envisaged in the resolution should
be regarded as referring to UNCTAD at the intergovernmental as well as the
secretariat level; that provision should be made for the Committee on Commodities
to be informed of, and to discuss, developments in this field on a continuing basis;
and that an opportunity should be provided for an examination of the matter at

the third session of the Conference. Similar views were expressed at the eleventh
session of the Trade and Development Board.

. The UNCTAD secretariat initially carried out a preliminary over-all review of
the main issues of international commodity policy arising from the potential
production of minerals from the area of the sea-bed beyond the limits of national
jurisdiction. The results of this review were incorporated in certain reports

by the Secretary-General of the United Nations to the Committee on the Peaceful
Uses of the Sea-Bed and the Ocean Floor beyond the Limits of National Jurisdiction
(documents A/AC.138/36 and A/AC.138/73) and were presented to the United Vations
Conference on Trade and Development at its third session as document TD/113/Supp.l.

/oo
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5. The United Nations Conference on Trade and Development, in resolution 51 (ITI),
adopted at its third session, decided that

“the question of the economic consequences and implications for the economies
of the develoving countries resulting from the exploitation of mineral
resources shall be kent constantly under review by the Conference and its
subsidiary organs, in particular the Trade and Development Board"

and it invited the Secretary-General of UNCTAD

"to continue to study the measures necessarv to avoid the adverse economic
effects which the exploitation of the sea-bed ... beyond the limits of national
jurisdiction may have on the prices of minerals exported primarily by
developing countries, and to propose specific and detailed measures in that

connexion"”.
6. Accordingly, the UNCTAD secretariat continued its examination of these
matters, with the initial objective of assessing, throush case studies of individual

minerals, the possible quantitative impact of the production of minerals from

the sea--bed on world markets and the export earnings of the developing producing
countries. The results of the first case study to be completed - relating to
cobalt - were summarized and commented upon in document TD/B.449 and Add.1,
rresented to the Board at its thirteenth session. In response to a request made

bv the Conference in another part of resolution 51 (III), the Board, at its
thirteenth session, also had before it a report by the FAO secretariat on '"Possible
adverse effects of the exploitation of the sea-bed bevond national jurisdiction

on fishery resources™ (TD/R/LLT).

7. At its thirteenth session, the Trade and Development Board noted the reports
contained in documents TD/BR/LLT, TD/B/LLQ and Add.l and requested that these
studies, together with a summary of the views expressed thereon at that session,
be transmitted to the Third United Nations Conference on the Law of the Sea for
consideration.

8. Since the thirteenth session of the Trade and Development Board, the UNCTAD
secretariat has completed a further case study, relating to manganese ore, which,
in the spirit of the Board's decision, should also be brought to the attention of
the Third United Nations Conference on the Law of the Sea.

9. Accordingly, in pursuance of the aforementioned request of the Board, the <

followinn reports are transmitted for presentation to the Third United Nations
Conference on the Law of the Sea. (The list takes into account the desirability

of document TD/B/LLO being read in conjunction with an earlier report by the UNCTAD
secretariat (TD/llB/Supp.h); the possible interest of Governments in the econometric
study on which the report on cobalt is largely based; and the availability of a
further case study, relating to manranese ore (TD/B/L83 and Add.1).)

&
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Title Symbol Date

Commodity problems and policies: mineral TD/113/Supp.k March 1972
production from the area of the sea-bed
beyond national jurisdiction: issues
of international commodity policy:
report by the UNCTAD secretariat

Possible adverse effects of the TD/B/LUT June 1973
exploitation of the sea-bed beyond
national jurisdiction on fishery
resources: report by the FAQO secretariat

Exploitation of the mineral resources of TD/B/uk9 June 1973
the sea-bed beyond national jurisdiction:
issues of international commodity policy

Exploitation of the mineral resources of TD/B/LLO/Add. 1 June 1973
the sea-bed beyond national jurisdiction;
issues of international commodity policy:
case study of cobalt

The impact of cobalt production from the TD/B/(XIII)/Misc.3 July 1973
sea-bed: a review of present empirical (available in
knowledge and preliminary appraisal (by English only)

Professor F. Gerard Adams, consultant)

The effects of production of manganese from ThH/B/483 April 1974
the sea-bed, with particular reference to
effects on developing country producers
of manganese ore: report by the UNCTAD
secretariat

An econometric model of the manganese ore TD/B/483/Add.1 April 1974
industry

10. The text of that part of the Report of the Trade and Development Board on its
thirteenth session which contains a summary of the views expressed on documents
TD/B/44T, TD/B/hL9 and Add.1 at that session (paras. U5 to 58 of document TD/B/LTL)
is reproduced as an annex to this note.

11. Studies by the UNCTAD secretariat of the possible impact on world markets, and
on the export earnings of developing countries, of the production of copper and
nickel from the international area of the sea-bed are currently in progress for
presentation when completed to the Trade and Development Board or/and the Committee
on Cormodities. Copies of these reports will be transmitted, when available, to
the Third United Nations Conference on the Law of the Sea; the report on copper is
expected to become available in the course of June 197h.

/e
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Annex

Extract from Report of the Trade and Development Board on
its thirteenth session, held at the Palais des Nations,
Gereva, from 21 Avgust to 11 Ceptember 1973 1/

E. The exploitation, for commercial purposes, of the resources of the
sea-bed and the ocean floor, and the subsoil thereof, beyond the
limits of national jurisdiction (Conference resolution 51 {(III))

45, The representative of the Secretary-General of UNCTAD introduced the
secretariat's progress report prepared in conformity with Conference resolution

51 (III) (TD/B/LLY) and the summary of a case study of the possible effects of the
rroduction of cobalt from the sea-bed on the world market for this mineral
(TD/B/LL9/Add.1). He stated that studies of the potential consequences of the
rroduction of menganese ore and nickel from the sea-bed were being undertsken.

In the secretariat's opinion there were two possible methods of protecting existing
wroducers of minerals against nossible adverse effects of the mining of these
minerals from the sea-bed: the preventive method and the compensatory method.

For the reasons given in the study relatineg to cobalt it considered that the
compensatory method would probably be ineffective and that for this reason
alternative methods might have to be considered,

46, The representative of the FAO introduced the study prepared by the FAO
secretariat in response to the invitation of the Secretary-General of UNCTAD
regardine the possible adverse effects of the exploitation of the sea-bed beyond
the national jurisdiction on fishery resources (TD/B/LLT). He emphasized that the
study was a preliminary one inasmuch as the limits of national jurisdiction were as
yvet undefined and as the existing state of knowledge regarding the subject did not
vermit the drawing of definitive conclusions, He drew svecific attention to the
passages in the document which concerned the harmful effects on fisheries of the
discharge of toxic substances into the sea. He pointed out that research was
needed to determine the potential effects of the exploitation of the sea-bed on
the biological resources of the sea.

47. The representatives of several developing countries emphasized the competence
of UNCTAD, in accordance with Ceneral Assembly resolution 2750 A (XXV) and
Conference resolution 51 (IIT), and in keepine with the discussions that had
already taken place in the Board and the Committee on Commodities, to study the
question of the economie irplications of the commercial exploitation of mineral
rroduction from the sea-bed and ocean floor beyond national jurisdiction, to
propose measures for dealing with possible adverse effects of such exploitation
and to keep under constant review both in the Board and through its subsidiary
orrans, especially the Committee on Commodities, the complex problems arising from
rineral production from the sea-bed. One such representative stated that these
studies showed that UNCTAD's analvsic of the economic conseguences of such
exploitation could be carried out without trespassing on the competence of other
forure,

1/ Docurent TD/B/LTL: to be v rrinced as part of document A/9015 in
Official Records of the Genersl 7 : . Twenty-eighth Session, Supplement No. 15.
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48, They attached importance to measures taht should be evolved and adopted to
avoid any possible adverse impact on world markets for the minerals concerned.,

The representatives of several developing countries urged that such measures
should be adopted before the commencement of commercisl exploitation in order to
ensure that exploitation could be regulated so as to preclude developing rroducing
countries from being adversely affected. Such preventive arrangements could be
effective only if the sea-bed authority was empowered to undertake dircct
exploration of the area by itself or by means of joint ventures or service
contracts, thus ensuring direct control by the sea-bed authority. An economic

and development planning unit within the authority itself, which could monitor on
a continuing basis the effects of exploitation of sea-bed minerals on land-based
production in developing countries, should form an integral part of any system of
control, These representatives were of the view that in this regard all States
ought to observe the moratorium on the exploitation of the sea-bed beyond national
jurisdiction recommended by General Assembly resolution 2574 (XXIV) and Conference
resolution 52 (III).

49, The representative of a developing socialist country of Asia stated that the
international seas beyond the limits of national jurisdiction and the resources
thereof should in principle belong to the peoples of all countries. He reiterated
the competence of UNCTAD to propose measures necessary to avoid adverse economic
effects which exploitation of the sea-bed might have on the prices of minerals
exported primarily by the developing countries and he called on all States engaged
in activities in the sea-bed area beyond the limits of national jurisdiction to
cease such activities before the establishment of an international régime,

50. The representative of a developed market economy country noted that his

ecountry had supported a proposal made in the United Nations Committee on the Sea-Bed
to establish, within a proposed international sea-bed authority, a commodity board
aimed at regulating mineral production from the international area of the sea-bed.
It was the hope of this delegation that such an international board would benefit
both developed and developing countries.

51. The representatives of several developed market economy countries were of the
view that, since the conclusions which might be drawn from the studies were still
tentative and since many economic aspects of sea-bed production were as yet
uncertain, no. firm conclusion or recommendation regarding measures or approaches to
avoid market disruption could be reached at this stage., Moreover, they considered
that these questions were the primary responsibility of the United Nations Committee
dealing with the sea-bed and would be discussed subsequently at the Conference on
the Law of the Sea. They also wished to avoid any action which might prejudice the
conclusions, or duplicate the work, of the forthcoming Conference on the Law of the
Sea.,

52. The representative of one developed market economy country observed that the
UNCTAD secretariat's views on possible consequences of the exploitation of sea-~bed
resources on the export earnings of developing countires were interesting, but that
these consequences could not be the only eriteria relevant to this matter.

Jos.
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53. The representative of a developed market economy country said there was a need
to consider the orderly exploitation of sea-bed resources and that the question of
the conservation of such resources should be taken into account.

54, Several of the representatives participating in the debate stated that in
conformity with General Assembly resolution 2750 A (XXV) and Conference resolution
51 (ITI), UNCTAD should continue to study the problems arising from the commercial
exploitation of the sea-bed and strengthen and supplement the present studies,

They urged that close liaison should be maintained by the UNCTAD secretariat in

its future work with the secretariats of other United Nations bodies concerned with
these questions.

55. The representatives of some developed market economy countries emphasized that
care should be taken to avoid duplication of work, The representatives of several
developing countries emphasized that in view of the competence of UNCTAD in the
field of international commodity policy, it should study the possible adverse
imrlications of sea-bed production and propose remedial measures,

56, The representatives of a developing country said that the use for military
purposes of the sea-bed and ocean floor might prejudice the future constructive
use of the resources in question. He suggested that the organizations within the
United Nations system, among them UNCTAD, should keep this aspect of the subject
under review.

Action by the Board

57. At its 380th meeting on 8 September 1973, the Board noted the reports
contained in documents TD/B/LLT, TD/B/L4Y and Add.1l on this matter.

58, Bearing in mind that the exploitation of the sea-bed was still in a
preliminary stage and that more knowledge had to be gained regarding exploitation
processes and their possible effects on the conservation end utilizaticn of living
resources, and noting further that this matter was under consideration by the
Committee on the Peaceful Uses of the Sea-Bed and the Ocean Floor beyond the
Limits of National Jurisdiction acting as a preparatory committee for the Third
United Nations Conference on the Law of the Sea, the Board requested that the
studies mentioned above, 1/ together with a summary of the views expressed thereon
at its present session, be transmitted to the Third United Nations Conference on
the Law of the Sea for consideration, and noted that the secretariat intended to
carry out case studies on manganese and nickel, The Board noted with interest

the FAO study on fisheries resources of the seas and oceans.

et o s e ot

1/ For the further views of delepations and a statement by the Secretary-~
General of UNCTAD on this matter, see the summary record of the 380th meeting
(TC/E/SR.380).

00130



Distr.
GENERAL

TD/B/483
23 April 1974

Original: ENGLISH

United Nations Conference on Trade and Development

TRADE AND DEVELOPMENT BOARD
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Geneva, 20 August 1974

Item 4 of the provisional agenda

TE ErTECTs OF PEODUCTION OF MANGANESE FRCM THE SiA-BED, WITH PARTICULAR REFERENCE
_ ~ TO.EFFECTS ON DEVELOPING COUNTRY PRODUCERS OF MANGAMSSE ORE
Revort by the UNCTAD secretariat

1. The attached report presents a quantitative assessment of the impact of the
production of mangsnese from the ocean floor upon the land-based manganese ore
industry and, in particular, upon developing country producers of manganese ore.

Tt is the latest in a series of reports which deal, in a quantitative manner, with
the question of the effects of commercial development of the mineral resources of the
sea~bed beyond the limits of national jurisdiction.

2. In accordance with resolution 2750A (XXV) of the United Nations General Assembly
and with resolution 51 (III) of the third session of the United Nations Conference on
Trade and Development, the UNCTAD secretariat has been investigating the economic
consequences for the developing countries of such utilization of sea-bed mineral
resources. After discussions of this subject at the sixth session of the Committee
on Commodities and at the eleventh session of the Trade and Development Board, the
secretariat submitted to the third session of the Conference the results of its _
prelininary over-all review of the entire question. l/ Subsequently, the secretariat
embarked upon a detailed quantitative assessient of the effect: of commercial
development of sea-bed mineral resources. Thus far, the quantitative assessment has
focused upon the derivation of numerical estimates of the impact upon the markets for
each of four metals and, in particular, upon developing country producers of these
commodities. The metals concerned - cobalt, manganese, nickel, and copper ~ are the
most valuable constituents of the manganese nodules found in such profusion on the

l/ "Mineral production from the area of the sea-bed ‘beyond national jurisdiction:
igsues of international commodity policy: report by the UNCTAD secretariat”
(TD/11%/Supp.4). Subsequently, the text of this report was incorporated in the
relevant report by the Secretary-General of the United Nations to the July/August 1972
seasion of the Committee on the Peaceful Uses of the Sea-Bed and the Ocean Floor beyond
the Limits of National Jurisdiction, under the title "Additional notes on the possible
economic implications of mineral production from the international sea-bed area"

(8/4C.138/73). -
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ocean floor. The vehicle for the derivation of these estimates has, in each case,
been an econometric model of the market in question., Results pertaining to cobalt
were presented to the thirteenth session of the Trade and Development Board g/ and
figures for copper are being made available to the fourteenth session of the Board. j/
As noted above, the present paper provides numerical estimates of the effects of
sea=~bed production of manganese, with particular reference to effects on developing
country producers of manganese ore, The econometric model on vhich the present
analysis is based is degcéribed in an addendum to this paper "Aa econometric model of
the manganese ore industry" (TD/B/483/4dd.1). -

3. The next logical step in the over-all quantitative assessment is to integrate
the four modéls computationally and to simulate the interaction between the levels

of sea~bed and land nroduction of the four metals. The development of such an
integrated structure of relationships would enhance the capability of the secretariat
systematically to utilize new knowledge of sea-bed production technology and coste as
such knowledge becomes available. Tt would then facilitate the implementation by
the secretariat of the decision, taken at the third session of the United Nations
Conference on Trade and Development, that "the question of the economic consequences
and implications for the ecanomies of the developing countries resulting from the
exploitation of mineral resources shall be kept constantly under review".

2/ "Exploitation of the mineral resources of the sea~bed beyond natioral
jurisdiction: issues of international commodity policy. - Note by the UNCTAD
secretariat” (TD/B/449) and "Case study of cobalt" (TD/B/449/4dd.1)

j/ "The effects of production of copp~r from the sea-bed, with particular ‘
reference to effects on developing country producers of copper" (TD/B/484). A report
~n consequences [or the niclel market is being prepared by an UNCTAD consultant.

4/ TIroccedings of the United Nations Conference on Trade and Development,
Third Session, vel.I, Report and annexes (United Nations publication,
Sales lio: E.73.IT.D.4), po.78-9.
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